VOLUME XXxXI FEBRUARY, 1952 NUMBER 2 


The Journal of 
Clinical Investigation 


EDITED FOR THE AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


Contents 


Hemodynamic Alterations in Acute Myocardial Infarction. I. Cardiac Output, Mean Arterial Pressure, 
Total Peripheral Resistance, “Central” and Total Blood Volumes, Venous Pressure and —- 
—— Time. Epwarp D. Frets, Harotp W. SCHNAPER, RoBERT L. JOHNSON, AND GEORGE 

NER 


The Determination of Thyroidal and Renal Plasma I Clearance Rates as a Routine Diagnostic Test of 


Thyroid Dysfunction. SoLtomon A. Berson, RosaLyn S. YALow, JOSEPH SORRENTINO, AND BERNARD ‘ie 


OLANDER 


The Relationship of Plasma pH and Anion Pattern to Mercurial Diuresis. D.R. AXELROp AND R. F, Pitts 171 


The Relationship of Streptol S Inhibitor to Phospholi in the Serum of Human Beings and Experi- 
mental BeanakD AND J. Murray STEELE 180 


The Alveolar-Arterial Oxygen Pressure Gradient in Anemia. J. M. RYAN AND J. B. HICKAM.. 


The Incorporation of C“ Glycine into Protein by Human Liver Slices. CHARLES M. AER ane Janes 
D. HauscHILpt 192 


The Distribution of Sodium and Potassium in Man. Norman DEANE AND HoMER W. SMITH............ 197 
The Distribution of Total Body Chloride in Man. Norman Deane, Morris Zirr, AND Homer W. SmitH 200 


OEStratin; Retain the Polarographic Method. IV. Skin Oxygen Tension vs. Arterial Oxygen 
turation; Relationship to Oxyhemoglobin Dissociation Curve. RAYMOND PENNEYS 204 


A of the Estimation of the Basal Cardiac Output from a Linear Formula and the ‘Cardiac 
Henry LONGSTREET TAYLOR AND KENNETH TIEDE..... 


Some Structural Requirements for the Prevention of og pe Induced by Nitrogen Mustard. AvusTIN 
S. WEISBERGER, RoBert W. HEINLE, AND BENNETT LEVI 


An Immunochemical Study of the Albumins of Serum, Urine, Ascitic Fluid and Edema Fluid i in the Ne- 
phrotic Syndrome. Davin GITLIN AND CHARLES A. JANEWAY 223 


ae Fluctuations in Glucose Content of the Hepatic Venous Blood in Resting Normal Human 
Beings. K. Bonpy 231 


utination of Sensitized Sheep E 
A. COLWELL AND GEORGIA 


........... 188 


The Journal of Clinical Investigation 


Printed by the Lancaster Press, Inc., Prince and Lemon Sts., Lancaster, Pa. Published by the 
American Society for Clinical Investigation. Publication Office, c/o Cincinnati 
General Hospital, Cincinnati 29, Ohio. 


Evcene B. Ferrets, 
Associate Eprrors 


Wriuram B. Bean 


Ricuarp W. VILTER 


The Editorial Committee of the American Society for Clinical Investigation 


S. Howarp Armstronc, Jr., Chicago, 
Stan.ey E. Braptey, New York, N. Y. 
J. Darsy, Nashville, Tenn. 
Lupwic W. Ercuna, New York, N. Y. 
Frank L. Encet, Durham, N. C. 

Jacos E. Frnesincer, Baltimore, Md. 
Tuomas Hate Ham, Cleveland, O. 


Franz J. INGELFINGER, Boston, Mass. 

F. Raymonp Keatino, Jr., Rochester, Minn. 
Josern L. LirrentHat, Jr., Baltimore, Md. 
Joun A. Luetscuer, Jr, San Francisco, Calif. 
Mactyn McCarty, New York, N. Y. 

Joun P. Peters, New Haven, Conn. 

Wesiey W. Spink, Minneapolis, Minn. 


Rosert W. Boston, Mass. 


THe JourNAL or CLINICAL INVESTIGATION is de- 
signed for the publication of original investigations 
dealing with or bearing on the problems of disease 
in man, and it is the policy of the editors that the 
Journat should cover the field of clinical investiga- 
tion in its broadest sense. 


Contributions should be sent to the Editor-in- 
Chief, Dr. Eugene B. Ferris, c/o Cincinnati Gen- 
eral Hospital, Cincinnati 29, Ohio. In order to 
hasten the process of reviewing and editing it is 
requested that each original manuscript be accom- 
panied by a duplicate copy. 


In order further to expedite the earliest possible 
publication of articles submitted to the JourRNAL 
oF CLinicAL INVESTIGATION they will be published 
in the order of final processing after review, cor- 
recting and editing rather than in the strict sequence 
of their receipt in this office. Papers which re- 
quire much editorial change, revision of charts and 
tables, condensation and rewriting will be delayed 
according to the time required for their correc- 
tion. This policy will put a premium on excellence 
of manuscript as well as the major consideration 
of content. Because of the increasing costs of 
printing, especially in the hand work of making 
tables, the editors suggest that when feasible photo- 


graphs of tables be prepared. It is also requested 
that charts be photographed, the photographs ac- 
companying the manuscript. The originals of the 
charts need not be forwarded except by special 
request of the editors. Further information regard- 
ing the preparation of manuscripts may be obtained 
from the editors. 


Each volume will consist of 12 monthly issues 
appearing throughout the calendar year. The sub- 
scription price is $12 per volume, payable in ad- 
vance; foreign countries also $12, payable in U. S. 
funds. Single copies will be sold when available at 
Vols. 1-28, $2; Vols. 29-31, $1.50 a copy. Authors 
may purchase reprints at scheduled prices. A special 
subscription rate of $6 per volume of 12 monthly 
issues is offered to medical students, interns, 
fellows, and residents of approved hospitals. Sub- 
scriptions are net postpaid. Remittance should be 
made by draft, check or postal money order, pay- 
able to The Journal of Clinical Investigation, c/o 
Cincinnati General Hospital, Cincinnati 29, Ohio. 
Claims for copies lost in the mails must be re- 
ceived within thirty days (domestic), ninety days 
(foreign), of the date of issue. Changes of ad- 
dress must be received at least two weeks in advance 
of issue. 


Acceptance for mailing at special rate of postage provided for in paragraph (d-2), section 34.40, 
P.L. & R. of 1948, authorized February 13, 1950 


Entered as second-class matter September 16, 1931, at the Post Office at Lancaster, Pa., under the Act of 
March 3, 1879 


Copyright, 1952, American Society for Clinical Investigation 


» 
: 
i 
| 
' 
a 
’ 
: 
is 
j 


CRYSTALLINE 


in two convenient sizes: 


2 ce. vials, containing 1 
Gm. dihydrostreptomycin 
in volution. 


10 cc. containing 
dihydrostreptomy- 


in dry form for prepara- 
tion of aqueous solutions 
for parenteral use: 


tomycin Sul- 
treptomycin 
of 1 


SULFATE 


SOLUTION 


ready for use... 
without reconstitution 
without refrigeration 
Each drop of Crystalline Dihydrostreptomycin 


Sulfate Solution freely flows through a 22-gauge 
needle—at a touch of your finger tips. 


This new preparation, derived from pure Crystal- - 


line Dihydrostreptomycin Sulfate, presents the 


"ultimate in easy “syringeability”: it is immedi- 


ately ready for use—injection procedure is rapid 
and virtually effortless. 


Each 2 cc. provides the equivalent of 1.0 Gm. of 
pure dihydrostreptomycin base. 


‘Pfizer CHAS, PFIZER ® CO., INC., Brooklyn 6, N. Y. 


Dy 


TREATMENT 


| 
4 
1 | 
| 
— 
| 
| 
| 
| 


LONG-ACTING 


ACTHAR Gel—the new LONG-ACTING repository preparation— 


simplifies ACTH therapy comparable to the management of dia- 


betes with long-acting insulin. Home or office treatments become 


readily applicable ‘with substantial economy to the patient. Greatly pro- 


longed therapeutic action and convenience of administration are distinct 


advantages of ACTHAR Gel. 


Recent clinical studies have firmly established the recommended dosage 


of ACTHAR Gel. Established dosage for optimum therapeutic effects is 


important in the everyday use of ACTH in your practice. 


Indications: Rheumatoid arthritis, rheumatic fever, acute lupus erythema- 


tosus, drug sensitivities, seve-e bronchial asthma, contact dermatitis, most 


acute inflammatory diseases of the eye, acute pemphigus, exfoliative der- 


matitis, ulcerative colitis, acute gouty arthritis, secondary adrenal cortical 


hypofunction. Supplied: 5 cc. multiple dose vial containing 20 I.U. per 


ce., and 5 cc. multiple dose vial containing 40 I.U. per cc. 


*THE ARMOUR LABORATORIES BRAND OF ADRENOCORTICOTROPIC HORMONE (A.C.T.H.) 


THE ARMOUR LABORATORIES 


CHICAGO 11, ILLINOIS 


PHYSIOLOGIC THERAPEUTICS THROUGH BIORESEARCH 


— 
| 
> 
| 
AA. at 


contains: 
sin B Sulfate 10,000 Units 
500 Units 


-POLYMYXIN B—BACITRACIN OINTME 


NT 


INDICATIONS 


infected wounds resulting 


from trauma or surgery 


infected burns 


infected skin grafts 


abscesses and ulcers in 


any accessible location 


furuncles 


pyoderma 


ecthyma 


folliculitis 


infectious eczematoid 


dermatitis 


impetigo 


styes 


external ear infections 


eye infections such as: 
conjunctivitis 
blepharoconjunctivitis 
scleritis 
keratitis 


dacryocystitis, etc. 


SECONDARY 
INFECTIONS 
superimposed on 

any dermatological 


condition 


AVAILABLE IN 


tubes of 15 Gm. 
with applicator tip 


tubes of '/, o7. 
with ophthalmic tip 


complete information 


will be sent on request 


1% 
* 


HEMODYNAMIC 


ALTERATIONS IN ACUTE 


MYOCARDIAL IN 


FARCTION. I. CARDIAC OUTPUT, MEAN ARTERIAL PRES 
SURE, TOTAL PERIPHERAL RESISTANCE, “CENTRAL” 
AND TOTAL BLOOD VOLUMES, VENOUS: PRES 
SURE AND AVERAGE CIRCULATION 


GEORGE E 


the Cardiovascular Research 


By EDWARD D. FREIS, HAROLD W. SCHNAPER, ROBERT L 
SCHREINER 


Laboratory, Georgetown 


JOHNSON,* anp 


Hospital, the Department of 


Vedicine, Georgetown University School of Medicine, and the Veterans Administration 


Despite its importance little is known of the 
hemodynamic abnormalities which accompany 
acute myocardial infarction in man. .\side from 
clinical observations, the measurement of venous 
pressure (1) and total blood volume (1, 2), few 
systematic studies have been carried out in clinical 
cases. The reason for this has been the impossi- 
bility of subjecting such acutely ill patients to diff- 
cult) or time-consuming technical procedures. 
However, recent studies (3, 4) indicated that the 
values for cardiac output obtained with the Hamul- 
ton dye injection method were not significantly dit- 
ferent from those obtained with the intravenous 
catheterization method using the Fick principle. 
It seemed probable, therefore, that the Hamilton 
dye method suitably modified could be used to de- 
termine cardiac output at the bedside in acutely ill 
patients. This report describes the changes ob- 
served using the dye injection method and other 
procedures in a series of cases with myocardial in- 
farction as compared to a group of normal sub- 
jects and hypertensive patients. 


METHODS 


Fourteen hemodynamic studies were carried out in 11 
patients with acute myocardial infarction, eight determi 
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nations in seven normal male medical students, and tive 


ina similar number of hypertensive patients. It was es 
sential in the cases of acute myocardial infarction to carry 
out the experimental procedures rapidly at the bedside 
and without serious disturbance to the patient. For this 
reason the dye injection method of Hamilton and col 
leagues (5) as modified by Werko and associates (4) 
was used for determining cardiac output \iter nove 
cainizing the skin and making a small incision throug! 
the dermis with,a scalpel blade, a 15 gauge Robb type 
needle 5 cm. in length * was inserted into the femoral 
artery. This permitted excellent flows of 2 to 3 ec. ot 
blood per second while the rate of flow could be controlled 
by the stopcock which forms a part of the hub of this 
needle. Despite the large size there was little ditheulty 
with hematoma formation when the puncture site was com 
pressed for 20 minutes after removing the needle 

The dye was injected into’ the central circulation by 
means of polyethclene tubing (1.12 mm. inner diameter ), 
previously sterilized by soaking in 1 to 1,000 aqueous 
zephiran solution. After nicking the novocainized skin 
over an antecubital vein situated on the medial aspect ot 
the arm, a 13 gauge needle was introduced into the vem 
and using sterile precautions the polyethelene tubing was 
inserted through the needle to a level calculated to be 
midway between the axilla and the center of the stermum 
The catheter always was advanced several inches further 
and then retracted to be certain that it was not in a venous 
tributary. Since the placement could not be determined 
by fluoroscopy it was decided not to attempt to reach the 
right auricle since in the process the catheter might pass 
over into the jugular or opposite subclavian veins. Fol 
lowing placement of the catheter the 13 gauge needle was 
removed and an 18 gauge needle inserted into the end 
of the catheter a distance of 1 inch 

Every effort was made to carry out these procedures 
calmly and quietly and towels were so draped that. the 
patient could not see the insertion of the needles. ‘The 
“team” of investigators was trained so that two men 


‘Captain, MC, U.S.A.F 


' Becton, Dickinson & Company, Rutherford, N. J 
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would al ile anotl eT placed the Robb 


After these 


out in 10 minutes 


insert catheter 


needle m the temoral artery some practice 


procedures could | carned less than 


oll 


ured 


sing thn } central venous pressure was meas 


through the catheter using a water manometer and 


arterial pressure was measured using a strain gauge 


thre 


manometer,” a carrier-wave type amplifier? single 


channel recorder." Mean arterial pressure was determined 


hy electromic integration of the pulse wave 


Phe 1824" in 


collection of samples trom. the 


injection of T O5 per cent solution and 


iemoral artery were car 
Werko and 


was measured 


ned out according to method of associates 
(4) 
Again 
at 10, 15 


plasma volume 


Following this the arterial pressure 


withdrawn 
total 


sal 


and additional arterial samples were 


and 20 minutes tor determination of 


In order to minimize hemolysis all 
drop 


ples were collected in paratined tubes contaming a 


of dried heparin. Hemolyzed samples (rarely obtained) 
cen 


the 


time and 
to 


discarded Phe circulation 
blood 


method of Hamilton and co-workers (5). It 


Were AVCT ARE 


tral volume were determined according 


Was recog 


that this method not because of the 


contribution of blood trom other 


nized Was precise 


variable large vems en 


tering the right heart (6) However, it seemed that 


large discrepancies could be determined by this method 


with normal and 


the 


specially since comparisons were made 


hypertensive controls who were studied using samc 


methods 


RESULTS 


It was apparent that the hemodynamic changes 
iound in cases of myocardial infaretion varied with 
For this reason 
(1) 


severe and severe and (3) 


the clinical state of the patient. 
the cases have been divided into three groups : 
nuld, (2) moderately 
The basis of such differen- 
The mild 


those who exhibited little or no evi 


cardiogenic “shock.” 


tiation was made on clinical grounds. 


causes Were 
dence either of shock or of congestive heart failure 
The 


moderately severe and severe group exhibited deti 


and made a rapid and uneventful recovery. 


nite evidence of circulatory embarrassment, par 
and 


all were severely all exhibiting extreme = prostra- 


ticularly prostration, manifestations of conges- 


tive heart tarlure cardiogenic shock cases 
tion, frequently with mental confusion as well as 
All of the latter 


cases terminated fatally during the acute episode. 


the clmical appearance of shock. 


Model P Hills, 


Statham Laboratories, Beverly 


Designed and built by Mr. Robert Wood, Tacoma 


Park, Md 
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Vean Arterial Pressure, Cardiac Output, Heart 
Rate, Stroke Volume and Total Peripheral 


Resistance 
In the normal group the mean pressure in the 
| 
femoral artery ranged from 63 to 93 mm. Hy Cay 


erage 84 mm. Hg), while in the hypertensive pa- 


tients the average was 145 mm. Hg with a range of 
104 to 189 mm. Hg (Table 1) 
pressures in the cases with myocardial infarction 


The mean arterial 


were as follows: in the mild group the average was 
95 mm. Hg (range 85 to 113 mm. Hg), in the 
moderately severe and severe cases it was 89 mm. 
Hy (range 68 to 120 mm. Hy) and in the patients 
was 79 mm 


with cardiogenic shock the average 


Hy (range 73 to SS mm. Hyg). Extreme hypo- 


not observed in the patients with 


tension was 
coronary occlusion even in those cases who ap 
peared clinically to be in “shock” and who later 
died. 

Cardiac outputs were unusually high in the nor 
inal subjects, the mean cardiac index being 4.0 
OSL L. per min. (Table 1). The high values prob 
ably were due to the fact that all were healthy, 
young male individuals. “These subjects were not 
unduly apprehensive as evidenced by the average 
heart rate of 64 per minute. In the hypertensive 
patients, who were more comparable in age to the 
cases with myocardial infarction, the mean car 
diac index was 3.2 + 0.4 L. 


coronary occlusion the cardiac output Was within 


In the patients with 


the normal range in the mild cases, but was abnor 
mally low in the cases exhibiting shock. “The mean 
cardiac index in the mild group was 3.4 + OL L. 
per min., in the moderately severe and severe pa 
tients 20 +03 L. per min., and in the shock 
group O4 per min. 

The heart rate usually was increased in the pa- 
tients with myocardial infarction but there was 
considerable variation from patient to patient. “The 
average in the mild cases was 92 beats per minute 
and the range 64 to 124.) In the moderately severe 
and severe group the heart rate ranged between 85 
and 122 per minute (average 101), and in the cases 
exhibiting shock, it ranged from 74 to 160° per 
minute with an average of 128. Thus, in general 
the heart rate increased with increasing severity 
of the infarction. 
unusually high the 
16-cc the 


The stroke volume was 


normal subjects averaging In 
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REDUCTION OF STROKE VOLUME IN 


RELATIONSHIP 
INFARCTION 


hypertensives the mean stroke volume was 73 + 


11 cx 


tion of mild degree the mean was 76 


and in the patients with myocardial infare- 
+ 14 
Stroke volume was slightly reduced in the moder- 


50 + () 


ately severe and severe group averaging 


ce., While in the patients with the shock syndrome 
there was a marked reduction of stroke volume to 
(Table 1, Figure 1). 

Phe mean total peripheral resistance for the 


7 


normal subjects was 925 + 225 dynes cm. * sec. 


and for the hypertensives was 1,875 + 250 dynes 


cm In the patients with myocardial im- 


jaretion of mild degree the total peripheral re- 


Sec. 


sistance was 1,175 + 100 dynes em. * sec. How- 
ever, it was slightly mecreased in the moderately 
severe and severe group being 1,325 + 250 dynes 
sec 


em and strikingly increased in the cardio- 


genic shock cases, averaging 2,050 + 450 dynes 
cm 

enous Pressure, Average ulation 
“Central” Blood Volume and Total 


Blood “olume 


Central” 


Time 


Phe “central” venous pressure measured in the 
region of the subclavian or muomiunate vems aver 
aged 90 mm. HO (range 70 to 117 mm.) in the 
patients with mild coronary ocelusion. In the pa 


tients with moderately severe or severe mvocardial 


TR OS FMe RE. 
MODERATELY SEVERE 
AND SEVERE 


BETWEEN SEVERITY 
THE 
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STROKE VOLUME FOLLOWING INFARCTION 


all 


F.Me. G.Me. 
CARDIOGENIC 
SHOCK 


DiskAsSE AND 


AcUTt 


OF OF 


PATIENTS WITH 


infarction the venous pressure varied between &] 
and 160 mm. HVO (average 120 mm. H.O). The 
average venous pressure for the cardiogenic shock 
cases was 115 mm. (range 90 to 140 min. ). 

The 2214.5 
in the normal subjects, 24.8 in the 
t 8.7 


time was 


4:2 SEC. 


in the pa- 


average circulation 
sec. 
hypertensive cases, and 25.4 Sec, 
tients with myocardial infarction of mild degree. 
The circulation time was prolonged in the more 


or 


33.6 in the patients 
with moderately attacks, 


44.5 + 21 seconds in the cardiogenic shock group. 


severe cases being Sec, 


severe severe and 

The “central” blood volume was not significantly 
different in the various groups, the average values 


being as follows: in the normal subjects. 


2.4L. in the hypertensive patients, 2.7 1. in the pa- 


tients with mild coronary occlusion, 2.0 in the 


moderately severe and severe group, and 2.3 1. in 
the patients with cardiogenic shock, 

The total blood volume tended to be slightly re 
duced in the cases of severe myocardial infarction 
but the differences were not sufficiently marked to 
be significant in view of the small series of patients 
and there was considerable overlapping of indi 
vidual values. The total blood volume ranged be 
tween 2.3 and 4.2 L.. per sq. m. surface area (ay 
erage 3.2 L.) in the normal subjects. In the hy- 


pertensives the average was 3.2 [.. and the range 
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2.6 to 3.9L. The total blood volumes in the pa- 
tients with myocardial infarction were as follows: 
average 3.0 and range 2.6 to 3.4 L. per sq. m. in the 
mild group, average 2.8 and range 2.4 to 3.5 L. in 
the moderately severe and severe group, and av- 
erage 2.7 and range 2.3 to 3.5 L.. per sq. m. in the 
cardiogenic shock patients. 

In patient F. MeC. the typical picture of cardio- 
genic shock developed three days after the infare- 
tion and two days after the original studies (Table 
| and Figure 2). Hence, it was possible to com- 
pare the values obtained prior to and after the de- 
velopment of the shock-like state. In the interval 
between the tests, the electrocardiogram indicated 
extension of the infaret while the arterial pressure 
had fallen from hypertensive to hypotensive levels. 
The most striking change in this patient was the 
reduction of stroke volume from 51 to 28 ce. The 
venous pressure increased from &4 to 115 mm. 
H.O and the heart rate from 122 to 160 beats per 
minute. Unfortunately during the shock phase it 
was impossible to thread the catheter into an arm 
vein. ‘The femoral vein was entered and the cath- 
eter tip placed in the neighborhood of the right 


Hence, the measurements of average cir- 


auricle. 
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culation time and central blood volume were not 
comparable in the two determinations. 

In another patient (J. V.) the determinations 
were repeated approximately two months after 
the myocardial infarction when he had completely 
recovered (Table This patient was critically 
ill during the acute episode manifested by pul- 
monary edema, dyspnea and orthopnea. Follow- 
ing recovery the mean arterial pressure fell mark- 
edly from 103 to 74 mm. Hg while the cardiac 
output rose slightly from 3.0 to 5.8 L. per minute. 
The stroke volume, however, increased markedly 
from 36 to 73 ce. This was due in most part to 
the marked elevation of heart rate to 140. beats 
per minute during the acute episode which fell 
on recovery to 8O per minute. There also was a 
striking reduction in total peripheral resistance 
from 1,650 to 1,020 dynes em. * sec. The ve 
nous pressure also fell from 144 to 74 mm. H.O, 
while the average circulation time became some 
what reduced from 29.6 to 24.9 seconds. How 
ever, despite the high venous pressure and evi 
dence of cardiac failure at the time of the acute 
attack, the central blood volume was not signifi 


cantly changed, being 2.4 L. initially and 2.6 L. 
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Cuttincs TAKEN FROM TRACINGS OF FeMorAL ARTERIAL PRES 


SURE AND ELECTROCARDIOGRAMS IN Patient F. MeC., Wire Mare, Act 


58 Years, Acute Myocarpratr 


During the interim between the fir 
tient developed the clinical picture of 


INFARCTION 


rst and second determinations the pa- 


“shock.” See text for further details 
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alter recovery Phe total blood volume also. re 


mained essentially unchanged 


DISCUSSION 


disturbances in) cardiovascular hemody- 
namics observed in the patients with myocardial 
infarction varied with the severity of the attack 
Phe mild cases failed to exhibit significant abnor 
malities. In the patients with cardiogeni shock 
the most marked disturbances were the serious re 
duction of the stroke volume of the heart and the 
marked increase in total peripheral resistance. 
lhe moderately severe and severe cases formed an 
intermediate group between the mild and the shock 
patients so far as hemody nanic abnormalities were 
concerned Thus. the severity of the attack as 
judged by clinical observations appeared to be 
correlated directly with the degree of depression 
of stroke volume 

Since the central blood volume was not signif 
canth reduced it seemed reasonable to conclude 
that the depression of stroke output was due to tail 
ure of the heart as a pump and not to hypovolemia 
Phese observations are in agreement with sinular 
data obtained by Mendlowitz, Schauer and Gross 
(7) in dogs subjected to ligation of coronary ar 


Aldrich and Ander 


son, utilizing techniques similar to those used in 


tenes. In addition, Gilbert, 


the present study, found a reduction of cardiac out 
put in two of three patients with acute myocardial 
mifarction 

On the basis of the observed data the sequence aft 
hemodynamic events following severe myocardial 
infarction appeared to be as follows the mtarction 
vas extensive or if it involved a previously dam- 
myocardium there was dinumished contrac 
tility and hence a failure of stroke output The 
consequent reduction of arte rial pressure immed 
resulted in the activation ot 


ately neurogenic Te- 


and possibly other compensatory 


nisms which produc ed 


tleres mecha 
an increase in total periph 


| Phus, the he 


tachveardia 


eral resistance ane 
modyvnanne response was not unlike the compen 
sated phase ot hy povolemnc shock (9), except that 
the disturbance was due to ineffectual contraction 
of the myocardium rather than to blood loss. 

Phis interpretation ot the hemodynamic altera 
infarction are im 


tions accompanying ardial 


essential agreement with the classical studies of 


Wiggers and his colleagues on expe rimental cor 


onary occlusion in animals. In his review of this 
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work (10) Wiggers points out that the infarcted 
segment balloons out rather than contracts during 
systole. In some animals this ts compensated for 
by an increase in diastolic ventricular volume with 


stretching of the muscle fibers and’ hence an in- 


creased contraction of the uninvolved portions of 


the myocardium. In others, however, this com- 
pensatory mechanism is insufficient to restore the 
cardiac output to normal, In these cases the ar- 
terial pressure falls progressively while the ven 
tricles, atria, pulmonary vessels, and vems fill with 
blood 

Wiggers further states that, “the similarity of 
clinical syndromes following coronary occlusion 
and loss of blood or plasma is due to the fact that in 
hoth cases, cardiac output is decreased, but tor 
different reason, hypovolemia im the case of shock 
due to blood loss and failure of the contractile 
capacity of the ventricle in the case of myocardial 
infarction. One of the consequences of lowering 


arterial pressure is that moderator vascular re 
flexes operate to cause generalized Vasoconstric 
constriction of skin reservoirs in 


tion and 


cases of coronary occlusion merely tends to 
intensify the engorgement and adds to the volume 
of blood that the defective myocardium cannot 
move.” 

Unlike the condition seen in congestive heart 
failure, the total blood volume tended to be slightly 
reduced and the central blood volume was not in- 
creased. This occurred even in those patients 
with elevations of venous pressure and, hence, the 
latter phenomenon cannot be ascribed to heart fail- 
The 


peared to correlate with the total peripheral re- 


ure alone. venous pressure, however, ap 
sistance, usually being high the patients with 
elevated total peripheral resistances. “These ob- 
servations suggest that in addition to peripheral 
arterial constriction there also was venoconstric- 
tion. Elevation of venous pressure can be obtained 
in normal individuals following drugs which in- 
crease total peripheral resistance such as angio- 
tonin (11) and norepinephrine (12). It seems 
not unlikely, therefore, that the increase in venous 
pressure observed in coronary occlusion 1s at least 
in part a reflection of the overall increase of total 
peripheral resistance 

It was surprising to find that the mean pres 
sure as measured in the femoral artery was not 
usually significantly below normal these pa- 


tients, many of whom appeared to be im shock 
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on 
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HEMODYNAMIC ALTERATIONS 


IN MYOCARDIAL INFARCTION 


Fie. 3. CUTTINGS FROM 


ELECTROCARDIOGRAM 


AND PHOTOGRAPH OF THI 


Heart oF Patient G. Mck., a Wuitrrt Mare, Acep 54 Years Ex 


HIRITED CARDIOGENIC SHOCK 


The electrocardiogram is consistent with a diagnosis of acute anteroseptal 


infarction and intraventricular block, 


closes extensive infarction and thinning of the left ventricular 


R.B.B.B. type. The photograph dis 


myocardium 


and “ballooning” of the intraventricular septum into the cavity of the right 


ventricle 


clinically in that they were pale, mentally dulled 
and had weak and rapid pulses. Yet most of the 
patients who were judged to be in shock by elini- 
cal observations exhibited pressures in the femoral 
lower than in the normal 


artery not markedly 


subjects. The mean pressure as recorded directly 
irom the femoral artery in shock due to skeletal 
trauma or blood loss is much lower, varying be- 
tween 40 and 60 mm. Hg depending on the severity 
of the shock (13), as compared to an average 
value of 79 mm. Hg in the present series diagnosed 
clinically as being in cardiogenic “shock.” 

However, the level of arterial pressure probably 


See Table | for hemodynamic data 


Was maintained at barely normal levels by means 
of the marked increase in total peripheral resist- 
ance. If the stroke volume fell further or per 
sisted at low levels for long periods, eventually a 
limit 


would have been reached when the com 
pensatery mechanisms of vasoconstriction and 
tachyeardia could no longer compensate. ‘This 


event apparently occurred in the case of G. Meck. 
Whose initial determination soon after the infare- 
tion revealed a mean arterial pressure of S88 mm 


Hg despite a stroke volume of only 22 ce. 


How- 
ever, two days later the mean arterial pressure had 


fallen to 73 mm. Hg with a stroke volume of 20 
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tal equence 
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puzzling 
ACCOMP al Ving 


| 
acute 


heen the presence on the one 
of hypovolenuc shock, and 
Thus, the 


mtat the same time pallor, mod 


hypervolemic heart taiure 
patient may exhil 


erate hypotension, and a threads pulse and 


a venous pressure, pulmonary 


and orthopnea These diserepan 
he fitted n a comprehensive 
schem: 


shock 


miterise 


well known that aon 


hy povolemn 
the 
peripheral vasoconstriction is allowed to 
flriid 


combination of low 


stroke volume and 


persist, there ts retention and eventually 


edema, 


lower nephron nephrosis 


vudrome (14) associated with a reduction of re 


and glomerular filtration rate (15). 


s possible that a similar sequence may 


Ur acute 


mvecardial mtaretion.  Tnitially in 


condition there is a shock-like state whereas 


wns of congestive heart failure oceur char 


the 


Phas pattern is similar to that observed 


vetertstically several davs following Infare 


lower nephron syndrome However, in the 


the 
exaggerated be 


Phe 


patients with coronary ocelustos signs of con 
vreatl 


tive heart talure are 


myocardial contractility 


wanmistration of blood or plasma to such patients 


should only add to the 


insult since there is no 


eherency «oft volume but rather a 


Mk iN 


patie 


central blood 


output In ¢ an attempt was 


thre intra-arterially 


Phe rapad administration of blood resulted almost 


mimediately mereased dyspnea and substernal 


Phe transtusion was stopped and 


the pa 


hent recovered Further attempts al 


| transtusing 


produced the same 


200 ce. had been adminis 


tered, the transtuse this patient was 
clammed 


other subjects that 


ther derive ot substernal pain and 
dyspnea ardiac output determina 
thon which ental withdrawal of ta 150 


hese 


Bover 


observations are im agreement with those 


review shock 
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“The 


direct and theoretical is overwhelmingly in favor 


(16) concluded that, bulk of evidence both 


of the concept that shock in myocardial infarction 
is largely, and probably solely, a manifestation of 
heart failure Indeed pulmonary edema may 
constitute a more immediate threat to life (by low- 
ering the oxygen content of the blood) than does 
shock, and venesection be lite- 


may occasionally 


saving.” Stead and Ebert withdrew 500 and 650 
ce. of blood, respectively, from two patients with 
myocardial infarction and shock with no evident 
harmiul effects (17). 

Phe hypovolemia and terminal heart failure ob 
served in animals in the late stages of hemorrhage 
shock (18) no doubt lead to an insufficient coro- 
nary circulation as pointed out by Corday and his 
co-workers (19), but is not at all comparable to 
the hemodynamic situation existing in myocardial 
mifarection, Corday and associates ligated coro 


nary vessels and found that if the animals were 


then bled to shock levels, the non-contractile zone 
Pranstusion im 
the 
However, this experimental situ- 


of myocardium became larger. 
this instance the contractility of 
ischemic area. 
ation cannot be directly related to the patient with 
the 


central 


coronary occlusion since as determined by 
present study there is no deficiency of 
blood volume but rather a failure of the ventricle 
to expel the normal amount of blood presented 
to it 

Phe compensatory mechanisms activated by the 
reduction of stroke volume aid in the maimtenance 
of aortic pressure and hence of coronary blood 
flow; but they also may have harmful conse- 
quences on the course of the disease, by adding 
extra burdens to an already damaged heart. 
Such deleterious influences include (7) an eleva 
tion of total peripheral resistance thereby increas 
ing the work of the heart, (2) tachyveardia which 
also adds to the work of the heart and results in 
a less effective stroke output, (2) increased veno 
constriction resulting im increased venous filling 
pressure in the presence of a failing heart, and (/) 
a thud retention syndrome secondary to renal 
vasoconstriction, Tt seems possible that such a s¢ 
res of compensatory reactions teleologically de 
signed to tide a wounded animal over an emergency 
situation may be harmful in the patient with a 


weakened myocardium due to coronary occlusion 


ae It would appear im this case that the compet ee 
© 1 
th ive occurred alsa 
| 
pects of the shock 
infarc 
thon hi 
Ri 
| 
he 
ion (1). 


HEMODY 


SUMMARY AND CONCLUSIONS 


The hemodynamic abnormalities associated with 
severe myocardial infarction were a reduction of 
cardiac output, especially stroke volume, an im 
crease of total peripheral resistance, heart rate, 
central venous pressure and average circulation 
time, a slight and possibly insignificant reduction 
of total blood volume and an essentially normal 
central blood volume. ‘The less severe cases «id 
not exhibit these abnormalities. 

It is suggested that the initial change after an 
extensive infarction is a reduction of stroke volume 
due to the myocardial insult. “This is followed by 
a series of compensatory mechanisms character 
ized by generalized, intense vasoconstriction prob- 
ably including venoconstriction, and by tachyear- 
dia producing a clinical picture resembling shock 
Such intense vasoconstriction in the presence of 
a reduced stroke volume may be followed by a 
fluid retention syndrome which, in the presence 
of a defective myocardium, results in congestive 
heart failure as well as the shock-like state. These 
compensatory reactions to a reduced stroke vol- 
ume appear beneficial in that by raising aortic 
pressure they aid in the maintenance of coronary 
blood flow, but they also seem detrimental in that 
they add in various ways to the work load of an 


already damaged heart. 


CASE SUMMARIES 


H. BA 60 year old white male dentist developed in 
creasing substernal oppression seven hours prior to ad 
mission to the hospital. This was associated with pro 
fuse sweating but there was no dyspnea. The lungs were 


clear and the heart sounds were of good quality. The 


electrocardiogram was within normal limits on the day 
of admission but the next day disclosed changes con 
sistent with a recent posterior myocardial infarction 
Recovery was uneventful 

L. B—A 56 year old colored male was admitted to the 
hospital complaining of substernal pain of three hours 
duration. He had been hospitalized two years previously 
tor a “heart attack.” The lungs were clear and there 
was no dyspnea or orthopnea. The electrocardiogram 
Was Consistent with a recent posterior myocardial intare 
tion. Recovery was uneventtul 

J. W.—This 45 year old white male had experienced 


angina intermittently for two months. On the day of 


admission while pushing his car he developed substernal 
pain lasting for six hours. Aside from apprehension the 
physical examination was not remarkable. The electro 
cardiogram disclosed the pattern of fresh anterolateral 
myocardial infarction. He made an uneventful recovery 


J. S—A 37 year old male developed severe squeezing 


ALTEKATIONS 


IN MYOCARDIAL INFPAKCTION 139 


pain in the substernal area 1] hours betere admission to 
the hospital. For the two months preceding this eprsode 
there had been angina on exertion Phe patient was pal 


but the heart sounds were of good quality and the lungs 


were cleat The electrocardiogram imdicated recent 
anteroseptal infaretion Recovery was uneventtul 
J. V.—This 54 vear old male with diabetes mellitus, 


dyspnea and angina on effort, all of one year’s duration, 
began to have intermittent then continuous sub 
sternal pain radiating to both arms on the day preceding 
admission to the hospital. His carly clinteal course was 
characterized by marked dyspnea and orthopnea with 
moist rales at the lung bases, but no hepatomegaly ot 
peripheral edema. Serial electrocardiograms were con 
sistent with a diagnosis of recent, subendocardial, antero 
lateral intarection as well as old anterolateral miarction 
Phe patient began to improve after the third hospital 
day and thenceforth made an uneventful recovery 

P—A 63 year old male, who suffered witl 
asthma tor six vears, developed paraesthesias of the lett 
arm and hand for three weeks and severe continuous sub 
sternal pain without radiation tor one day prior to admis 
sion to the hospital. The patient was dyspnei, mentally 
dulled and exhibited crackling rales at both lung bases 
The electrocardiogram indicated anteroseptal infarction 
Several days following admission the patient developed 
a hemiparesis, which, however, gradually cleared and. the 
further course was uneventtul 


DS This 64 vear old male developed diabetes mel 


litus one year ago at which time the electrocardiogram was 


interpreted as indicating “coronary insutticieney.” 
days prior to admission to the hospital he developed erush 
ing substernal pain radiating to the left shoulder. There 
was slight dyspnea but the lings were clear. The ele 


trocardiogram indicated recent posterior infarction and 


AV Mock with 2 to 1 conduction. On the second hospital 


day be developed hypotension, bradycardia and oliguria 


and aed on the following day Autopsy was not ob 
tained 
R. E.—This 56 year old male, who had mild essential 


hypertension and diabetes mellitus for many years, suf 
fered a posterior myocardial infaretion three years age 
He was admitted to the hospital because of an attack of 
pulmonary edema. Kesponse to therapy was slow and 
while convalescing he developed typical anginal pain and 
a recurrence of congestive heart. failure The electro 
cardiogram indicated a recent anteroseptal infarction 
The hemodynamic studies were carried out on the sec 
ond day of this attack. The patient appeared to recover 
trom this episode but died suddenly five weeks later dur 


g a third attack of angima and acute pulmonary edema 
Me¢ This 38 yeat old male id experienced all 
gina on effort for the past six months. On the evening 
of admission to the hospital he developed squeezing sub 
sternal pain accompanied by sweating and dyspnea 
There were fine moist rales at both bases and a pleuroperi 
cardial friction rub was heard The electrocardiogram 
disclosed posterior and lateral subendocardial infarction 
Three days after admission he developed hypotension, 


extreme prostration, cyanosis, increased pulmonary rales 
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INTRODUCTION 


Since the early investigations of Hertz, Roberts 
and Evans (1) and Hamilton (2-4), various meth- 
ods of estimating the radioiodine accumulating ca 
pacity of the thyroid gland have been employed as 
diagnostic clinical tests as well as in physiological 
studies. “The most common procedures have  in- 
volved the determination of the 24 hour thyroid 
uptake (3-7) or the total 24, 48, or 72 hour urinary 
excretion (8-10) of radioiodine following its oral 


administration. While these methods have pro- 


vided an additional diagnostic tool for the evalua- 
tion of thyroid function, equivocal results have 
10% 


where renal function is im- 


heen obtained in about of the cases in most 


series. Furthermore, 
paired, values characteristic of hyperthyroidism 
have been observed in the presence of normal thy- 
roid funetion (10). 

Measurements of the rate of disappearance from 
the blood (11) or the rate of urinary excretion 
(12, 13) or uptake by the thyroid (13-15). of 
radioiodine have proved to be mvolved procedures 
and have not satisfactorily eliminated overlapping. 
although the frequency of borderline cases has been 
reduced. 

The 


methods has been emphasized in a recent review 


relative and indirect nature of all these 
(16) and in other reports (14) by the group at 
the Mayo Clinic. They have concluded (16), in 
agreement with Myant, Pochin and Goldie (17), 
that the clearance of [I?*' from the blood by the 
thyroid is probably the most reliable index of the 
iodine accumulating function of the gland. Present 

' Reviewed in the Veterans Administration and pub 
lished with the approval of the Chief Medical Director 
Che statements and conclusions published by the authors 
are the results of their own study and do not necessarily 
reflect the opinion or policy of the Veterans Administra 
tion 

Presented, in part, at the Clinical Research Meeting, 
New York Academy of Medicine, April 5, 1951 


DETERMINATION OF THYROIDAL AND RENAL 
131 CLEARANCE RATES: AS A’ ROUTINE 
OF THYROID DYSFUNCTION 
BERSON, ROSALYN S$ 

BERNARD 


1951; 


PLASMA 
DIAGNOSTIC 


YALOW, JOSEPH SORRENTINO, anp 


ROSWIHTI 


ldministration Hospital, Bronx, New York) 


accepted October 29, 1951) 


techniques, however, have made this determina- 
tion a complicated procedure, precluding its more 
widespread use. 

It is the purpose of this paper to present a sim 
ple, expedient method of obtaining the thyroidal 
and renal plasma iodide clearances without the 
necessity of performing analyses of blood samples. 

Studies of the clearance rates in 87 euthyroid, 1S 
hyperthyroid and tive hypothyroid subjects and a 
comparison with the 24 hour thyroid uptake and 
renal excretion values are presented. The sig 
nificance of these studies in relation to the results 
obtained by other methods of measurement of the 
iodine accumulating capacity of the thyroid is 


discussed, 
METHODS 


Subjects of the study patients ol the Veterans 
\dministration Hospital, Bronx, New York. All cases in 


which there was a history of recent todine administration 


were 


in any form were excluded from the study 
For routine diagnostic testing, doses of 25 50 wo carrier 


free PF as KE in 2 8 ml of sterile isotonic saline solution 


were administered intravenously over a 10 25°) second 


period. Calibration of the syringes revealed an accuracy 
of + 3°, or 


studies, doses of 100 750 we were administered 


better. For the special time-concentration 
Doses ot 
more than 150 ye were restricted to patients with caret 
noma or with hyperthyroidism for whom the therapeutic 


use of TS! was planned 


The Geiger counters were standardized for TP against a 
Braestrup type ionization chamber which was initially 


York millicurie” 
at the present time is equal to 0.85 Oak Ridge millicurie 


calibrated in terms of the “New which 


In vive counting over the thyroid was performed with an 
RCL bismuth gamma counter, which at nine inches from 


the thyroid, had a sensitivity of 105 CoM spe TP over a 


background of approximately 60 C/M, as determined by 


calibration against a dummy source of known activity 


immersed in a paraffin filled phantom neck. The counter 
tube was attached to a scaling circuit whose output fed 
into a Streeter-Amet register, which automatically printed 
the cumulative counts at intervals. The 


one minute 


s shown in 


arrangement and shielding of the apparatus 


Figure 1. Because of the wide window in the counter 


shield and long sensitive region of the tube (five inches), 
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ion ot counting rate with distance trom the neck 


followed more closely an inverse linear rather than an 


inverse square relation and approximated tot There 


fore, an-error of } to inch in the estimation of the depth 


of the thyroid within the neck produced an error ot only 
to 76, in the counting rate due to activity ins the 


rowed at the tundard mine one h distance 


Radioactivity of the administered doses and in the urine 


blood 


rround 1 


unples was assaved in Marinelli beakers placed 
hielded RCT 


iver walled glass Geiger Counters with sensi 
179 I 


mch lead bismuth walled or tetra 


methyl lead 


tivities of 4500 respectively 


Determination of clearance rates 


Since the thyroidal plasma P clearance ts detined as the 


volun lasma cleared of TS! per minute by the thyroid 


vland, its evaluation requires the measurement of the 


iptake ot | ind oa knowledge of the average plasma 


concentration over the same time period. Similar consid 
eration ntor the renal clearance The tirst halt hour 


has been 


following intravenous injection of the 


elected tor the clearance determination 


hour thyroid uptake | 


e plasma concentration | 


hour renal reti | 
eNCretion 


iwerage plasma concentration | x 30 


In the following sections discussion of the measurement 


ot the halt hour thyroid ptake ind renal exeretion. ts 


FOR MEASURING 


Uptakt 


followed by a consideration of the plasma I! concentration 


determinations 


renal 


A. Determination of thyroid uptake and 


excretion 


Because of a number of objections to the Common tse of 


thigh measurements in) correcting for changing extra 


thyroidal activity in the neck, the following method tor 


determining the thyroid uptake was introduced 

Prior to the injection a background reading ts obtained 
with the counter over the patient's neck The counting 
rate at one minute intervals is then recorded tor 33 minutes 
from the time of injection, tollowing whic h the patient 
empties his bladder a bottle radioactivits 


\Vtive minute delay time in urinary formation and passage 


tree of 


is assumed. For example, a urine specimen passed at 35 


minutes is considered to represent the 30 minute excretion 
Since the accuracy of the renal clearance ts only of sec ond 


interest, catheterization ts considered unnecessary 


Phe counting rate obtained over the neck during the tirst 


minute or two following injection is a measure ot the 


activitw. of radioiodine the blood and extravascular 


spaces, since, at this time. only a fraction of the radioiodine 
ean have been removed by the thyroid except in Cases ot 
marked hyperthyroidism Phis activity has been termed 
the initial extrathyvroidal level. In hyperthyroidism the 
vetivity obtained during the tirst minute has been accepted 
initial extrathvroidal level because of the rapid 


minutes mn 


as the 


counting rate during the tirst few 


these 
the hyperthyroid cases ts of little consequence compared to 


increase m 


cases error in the tissue level estimation in 
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the total half hour thyroid uptake. In non-hyperthyroid 
cases the activity of the second minute has been taken as 
the initial extrathyroidal level since at this time mixing in 
the blood stream is virtually complete. Although com- 
monly equal to the counting rate of the first minute, the 
counting rate during the second minute is not infrequently 
slightly lower than that during the first minute. The 
reason for this can be appreciated when it is realized that a 
large number of counts may be recorded during the first 
few seconds due to the high activity of the concentrated 
injected material as it first enters the base of the neck 
through the great veins draining the site of injection. 

The counting rate over the neck after any significant 
period of time is a measure of the activity within the 
thyroid gland as well as that still remaining in the blood 
and extrathyroidal tissues of the neck. Thyroid uptake 
of I'! may be calculated as follows: 


Let Th = uc I! collected by the thyroid during the first 

30 minutes 

U = yc I excreted in the urine during the first 
30 minutes 

D = dose injected in ye I! 

O = observed increase in activity over the neck in 
uc I during the first 30 minutes 

E = initial extrathyroidal activity in the neck in 
uc I'!, less background value prior to injection. 


E thus represents the activity of I! in the extrathyroidal 
tissues of the neck before any significant removal by the 
thyroid and kidneys has occurred. 

The thyroid uptake must have increased at the end of 
the measurement period by the sum of the observed 
increase in the activity of the neck and the fall in the level 
of activity of extrathyroidal I" in that part of the neck 
“seen” by the counter. The extrathyroidal changes in- 
clude the changes in concentration in the blood and extra- 
cellular spaces of the thyroid gland itself. At the end of 
the measuring period, the dose still circulating and in the 
tissue spaces throughout the body will have decreased by 
the amount picked up in the thyroid and excreted in the 
urine since minute amounts that may be concentrated 
above the general tissue level in other organs are negligible. 
The fractional fall in the general tissue level may then be 


expressed as Th 7 u The fall in the extrathyroidal 
activity of the neck is therefore Chet) E. 
Then 
E. 
Solving for Th, 
OD + EU 
Th = (2) 


The value of E is usually less than 10% of the activity of 
the dose and the urinary excretion usually not more than 
three times the increase in activity over the neck except 
in cases of hypothyroidism. It may be noted, then, that 
any error in urinary collection or measurement produces 
only a fraction of that error in the determination of the 
thyroid uptake. In hyperthyroidism, where the thyroid 
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uptake is two to ten times the urinary excretion, the latter 
may be neglected entirely for practical purposes. 

The total 30 minute urinary excretion is measured and 
the activity assayed as described above. 


B. Determination of the average plasma I*' con- 
centration during the 30 minute period follow- 
ing injection 

Ideally, the plasma concentration should be kept at a 
constant level during the period of clearance determination. 
Owing to long continued change of space of iodide dilution 
as discussed below, maintenance of an unchanging concen- 
tration by constant intravenous drip would not only be 
difficult, but also undesirable, because of the larger dose 
required.’ It is, however, equally valid to determine the 
average plasma concentration of I over the period of 
time of measurement of thyroid uptake and renal excretion, 
even though the concentration is changing. 

The plasma concentration of I" at any time following 
its administration is dependent upon the space into which 
it has been distributed and the extent to which it has been 
removed from circulation by the thyroid and kidneys. 
(Amounts fixed in other organs are negligible.) These two 
variables are discussed independently below. At the out- 
set, however, a general consideration of the problem is 
pertinent. 

The plasma concentration at any time, t, may be ex- 
pressed as follows: 

(Plasma conc.), = Ce, (3) 
where 
D, = dose retained at any time, t, 
” fraction of dose retained 


at the same time. 
ml plasma 


Cr 


The dose retained at any time is the administered dose 
less that renioved by the thyroid and kidneys up to that 
time. 

The average plasma I" concentration over any time 
interval following administration of the isotope can then 


be formulatea: 
T 
Deo at 
(Average plasma conc.)o_1 = 
The integral of the product of t':e two factors D; and Cy 
approximates the product of the s:ategrals of each factor as 
one or both approach a constant. Thus: 


2 
(DeCodt Di dt C.dt 
= T . 


3 In hyperthyroidism, this procedure would require sep- 
arate determination of hormonal and inorganic iodide in 
the plasma, since, by the time complete mixing of I" in 
the body has occurred (usually three or more hours) a 
significant amount of I'*! may have re-entered the circu- 
lation in the form of hormonal iodide after having been 
taken up by the thyroid Furthermore, for the same 
reason, determination of thyroid uptake would be in error 
because of the I leaving the gland after being incor- 
porated into hormone. 


(5) 


a 
A 
‘ 
‘ 
i 
| 
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The first integral term on the right hand side of equa- 1. Evaluation of average dose retained. A close approxi- 
tion 5 is the average dose retained while the second ex- mation to the value of the integrated average dose retained 
presses the average plasma concentration in terms of the _ is given by the following:* 
fraction of the dose retained. The change in C, with time . 
is therefore dependent only on the change of space of a f D,dt Do (1 — eT) 
dilution. These two terms have been evaluated separately Do-r = T = XT ’ 
and the error involved in the approximation considered = ———— 
subsequently. “See Appendix A. 
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T 
10 


T 
20 
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Fic. 3. Composite PLAsMA [181 ConcENTRATION-TIME CURVES 
Points during the first three minutes were obtained from arterial 


sample assays. 


where Do_r = Average dose retained over time interval 
O-T 
Do = Dose I'*! administered 
>  T = Time in minutes 
» = Average fraction of the dose removed per 
unit time. The evaluation of this term is 
discussed in Appendix A. 


While this expression can be evaluated in a number of 
ways, it may be desirable for the sake of mathematical 
expediency to approximate the average dose retained by 
taking the arithmetic mean of the dose administered and 
the dose retained at the end of the period of measurement.* 


where Dr = Dose retained at time T = Do — (Thr + Ur) 
Thr = Thyroid uptake at time T 
Ur = Total renal excretion at time T. 


= Do — + Uz), (7) 


2. Evaluation of average C,. As shown subsequently 


ae. ied when T = 30 minutes, has been found to be 


quite constantly related to body weight in non-edematous 
5 See Appendix B. 


5 X 


body weights, in units of 


subjects and to have the value of 


fraction of dose retained 
ml plasma 
3. Derivation of final clearance formulae. Both integrals 
on the right hand side of equation 5 have now been sepa- 
rately evaluated. Substituting these values in equation 5 
for T = 30 minutes gives: 


5 10-3 


(Av. plasma pa conc.) = body weightn, ° 


Substituting back in the original clearance equations 
Ja and 1b: 
Plasma I'*! clearancethyroia 
3 hour thyroid uptake 
x xX 10-3 
body weightg 
hour thyroid uptake X .20 10 X body weight, 
x30 
Plasma I"! clearanceérenai 
hour renal excretion X .20 X 108 X body weightig 
Do-tnr x30 
The average dose retained over the first half hour (Do-42) 
may be calculated from equation 6 or 7. 


Do-jnr x 30 


(8) 


(9) 


: 

5 

30 

| 
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CONSIDERATIONS OF I"! DISTRIBUTION IN THE 
DETERMINATION OF PLASMA 
CONCENTRATION 


A. Change of plasma I" concentration due to 
change of space of todide dilution during the 
first half hour 


During the first half hour following intravenous admin- 
istration, the I™ space of dilution increases rapidly due to 
entrance of I into red blood cells, diffusion into extra- 
cellular fluid spaces and penetration of the body cellular 
tissues. 

In order to determine the change in concentration of 
I'™ due to the change of space of dilution with time, 
multiple venous blood assays were performed during the 
30 minute period following injection of I in seven sub- 
jects including one subject with Graves’ disease and one 
with post-thyroidectomy myxedema. ‘The activity in the 
plasma and frequently also in the red blood cells was 
determined at four to five points during this time period 
after administration of I. To account for the variation 
of the space of I™ dilution with body size, C, X body 
weightag has been plotted as a function of time (Figure 2). 
The dose retained at each point was calculated by sub- 
tracting from the dose administered the amount picked 
up by the thyroid plus that excreted in the urine up to 
that time. The thyroid gland is exposed to a concentra- 
tion of I approximating that in the arterial blood and 
it may take two to three minutes for the venous blood to 
Therefore the arterial 
plasma concentration was assayed at half minute intervals 
during the first three minutes following intravenous admin- 
istration of the isotope, in order to permit a more accurate 
extrapolation back to zero time for the concentration of 
plasma I! to which the thyroid is exposed. The areas 
under the curves thus obtained were measured with a 
planimeter. The maximum variation from the mean area 
was found to be about 3%. 

In 17 other subjects, including one patient with Graves’ 
disease, single points at 30-40 minutes were obtained. 


approach the arterial concentration. 


When all these points were extrapolated along a typical 
curve to the 30 minute time, the maximum variation of 
22 of the 24 30-minute points was less than 11% from the 
mean. The mean concentration over the first half hour 
varied less than the concentration at 30 minutes since the 
relative spread was greater at the end of the time interval 
and because the curves crossed each other to a certain 
extent. It is quite possible that the two exceptional points 
represent technical errors due to low counting rates or 
slight contamination rather than true deviations. 


TABLE I 
Three hour iodide space 


3 hour iodide space 
body weight 
36.1 
31.2 
45.4 
42.0 


Patient 
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Figure 3 shows the composite time-concentration curve, 
including the results of the arterial plasma assays dur- 
ing the first three minutes. The area under this curve 
divided by the time interval, 30 minutes, is then the 
mean concentration over the first half hour expressed as 
fraction dose retained 

ml plasma 
found to be 5.0 K 107%. 


(C,-body weighti,) 


X body weightng. 
Thus 


Its value was 


fract. dose ret. X kg 
ml plasma 


= 5 X 10-in units of 


Since body weight is ac stant for any subject, then 
5 xk 10-3 


fract. dose ret. 
body weighti, 


ml plasma 


in units of 


t 
This is the value of a ine utilized in the clearance 


calculations described under methods. 


B. “Iodide space” 


fraction dose retained 
ml plasma 
sents the space of dilution. The reciprocal of any point 

space in ml 
body weight in kg’ 
or taking a liter of plasma as equivalent to a kilogram, the 
space, in per cent of the body weight, through which the 
I'= would have had to be uniformly distributed in order 
to have given the experimentally obtained plasma concen- 
tration. In terms of any anatomical space in the body, 
this has no significance, since the I™ is not uniformly 
distributed between extracellular and intracellular tissues. 
For example, the plasma/red cell ratio of I™ has ranged 
between 1.6 and 1.8 for all determinations made between 
three minutes and three hours after injection. However, 
the “iodide space’’ may serve as a convenient mathematical 
expression for purposes of calculation of plasma concen- 
tration and gives a rough quantitative idea of the extent 
of distribution. At 30 minutes, in 22 of the 24 observa- 
tions the mean and maximum range of the “iodide space” 
was 26 + 2.8% of body weight in non-edematous subjects. 
However, at three hours the variation was much greater, 
the space ranging from 31 to 45% of the body weight 
(Table I). The average space over the first half hour was 
found to be 20% of the body weight. 

In a patient with considerable nephrotic edema, the 
“space’’ at 30 minutes was 38% of his body weight com- 
pared to the normal of 26%. In a patient with cardiac 
edema the average ‘‘space’’ over the first half hour was 
26% of his body weight compared to the normal of 20%. 
For accurate determinations in cases with significant edema 
it is therefore necessary to obtain several plasma assays 
during the first half hour, although the error introduced by 
using an estimated correction of the normal space does not 
influence the clearance values sufficiently to confuse the 
diagnosis when hyperthyroidism is present. 


The reciprocal of 


obviously repre- 


along the curve in Figure 3 thus represents 
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TABLE Il 


Euthyroidism 


Surface 
area 
(m?) 


° 
a 
< 
& 
< 
> 
4 
w 
< 
a 


Age | Sex Height (ee) | | | 
ie | | | Thyroid | Renal | Thyroid | Renal 
es 1 26 M 6’ 73.1 22.2 5 8.0 50.4 7.2 45.2 
a 2 M tad 60.5 57.4 7 29.3 10.6 30.7 11.1 
ae 3 35 M 5’94"” 75.5 68.0 0 44.2 14.3 40.0 12.9 
_ 4 M 5’114” 71.5 28.4 4 15.4 25.0 14.0 22.7 
2, 5 39 M a” 66.4 55.0 29.9 21.2 28.2 20.0 
. 6 26 M 5’9” 77.2 15.0 6.3 54.0 5.7 48.7 
) a 7 28 M S11” 73.0 33.0 2 14.0 33.2 13.4 31.9 
+. of . 60 M 5'8” 63.2 27.2 8.9 37.4 8.9 37.4 
Loe 9 58 M S11” 69.0 46.0 ) 30.3 31.3 26.7 27.6 
oe 10 62 M 5’54"’ 59.0 25.0 i 6.3 15.5 6.7 16.4 
Ry: 11 27 M 510” 53.0 30.0 14.8 44.0 15.6 46.4 
aa 12 M os 70.0 22.0 17.5 34.2 17.6 34.3 
a 13 M 5'6" 68.5 35.0 38.4 28.1 37.8 27.6 
¥F 14 31 M 5'104” 73.0 13.0 11.6 44.0 10.5 40.0 
bgt 15 25 M 5/11” 70.0 46.0 54.0 23.3 44.5 21.5 41.2 
a : 16 32 M 54.0 52.0 37.9 28.6 40.8 30.8 
a 17 29 M 5’9” 75.0 0 52.5 17.2 45.0 15.7 41.1 
- 18 37 M 6'2” 83.4 [: 51.2 20.0 24.1 16.6 20.0 
i 19 32 M 5’8}” 65.0 0 34.0 18.8 20.8 18.3 20.3 
e 20 61 M 5’9” 64.5 22.6 23.2 22.0 22.6 
can 21 61 M 5’9” 63.6 12.0 66.0 15.3 33.1 15.1 37.6 
) oa 22 58 M 5'7}” 56.3 50.5 33.2 27.0 35.2 28.7 
— 23 48 M 56” 49.0 42.0 50.0 27.9 21.0 31.5 23.8 
x 24 42 M 5’8}” 79.5 41.0 60.0 42.0 54.0 38.7 49.7 
ud 25 28 M 6'1”” 75.0 47.0 53.0 39.8 32.2 35.2 28.4 
3: 26 24 M Ll 61.6 25.0 53.0 19.1 $1.2 20.4 54.6 
ay 27 M thd 79.0 15.8 45.0 14.4 41.2 
"9 28 44 M 5’44” 43.2 19.0 45.0 5.7 22.8 6.9 27.7 
i 29 39 F 5’6}” 63.8 31.4 58.3 15.2 29.8 15.4 30.2 
: 30 51 M 60” 74.5 34.2 62.5 22.3 38.7 19.9 34.5 
te 31 54 M 61h” 75.5 39.0 55.0 25.7 44.2 22.3 38.4 
Ei; 32 42 M 5'34"” 76.0 28.0 57.0 27.4 52.2 26.5 50.5 
Z 33 45 M 5'6}” 61.2 48.0 42.0 25.7 20.8 26.3 21.3 . 
u 34 29 M 5’74” 61.2 30.0 34.3 30.3 34.7 
e 35 33 M 593” 88.3 38.6 55.0 25.4 52.0 21.4 43.9 
3 36 46 M S114” 95.5 37.0 58.5 18.1 48.7 14.7 39.4 
+ 37 28 M 5104” 79.0 42.0 63.0 28.4 53.0 25.1 46.8 
ae 38 29 M im 80.0 22.0 50.0 7.8 31.2 71 28.4 
ea 39 M 5’84” 63.3 27.0 63.0 9.8 53.0 9.7 52.0 : 
40 23 M 5'7” 69.5 38.0 29.8 41.5 28.8 40.0 
41 62 M 2 80.5 25.0 36.8 12.1 57.2 10.7 50.7 
42 55 M 5’74” 54.5 | 30.0 53.0 20.5 30.9 21.9 33.0 
be 43 64 M S13” 74.5 | 30.0 12.9 20.1 12.8 20.0 
ae 44 34 M 6'0" 89.0 28.0 66.0 8.3 38.2 6.8 31.4 
a 45 39 M 5'8” 84.0 1 7.7 57.1 6.8 50.5 
ms 46 26 M 5’11}” 88.5 J 38.0 49.0 31.0 48.6 25.6 40.2 
a 47 52 M 5'54” 85.5 1 21.0 47.2 12.3 28.8 11.1 25.9 
% 48 64 M 5’4” 57.3 1 22.0 60.0 13.5 42.5 14.7 46.2 
fe 49 40 M oS” 59.0 1 19.0 71 50.1 7.4 52.0 
Bee 50 34 M S’114” 86.3 J 25.0 48.0 9.5 69.0 8.0 58.0 
a4 51 54 M 5’54” 65.8 1 44.3 46.8 35.3 49.0 35.3 49.0 
: 52 39 M 6'0” 86.3 2 9.2 49.1 7.7 41.0 
es 53 27 M 5'8” 78.0 1 40.0 48.0 21.8 61.6 19.8 56.2 . 
: 54 55 M 7 60.5 1 36.0 50.0 17.4 21.6 16.5 20.6 
= 55 30 M 5'5” 84.0 1 37.0 40.0 21.8 50.5 19.9 46.0 
ty 56 32 F 5’34” 62.6 1 43.5 46.7 39.2 34.8 41.0 36.6 
a 57 58 M 5'6” 81.5 1 28.0 57.0 8.1 29.5 7.5 27.3 
a 58 30 M S'84” 75.9 1 37.5 53.0 21.0 48.2 19.2 44.3 iS 
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TABLE 11—Continued 
Plasma I!" clearance Plasma I! clearance 
w Surface 24 hour 24 hour (ml /min.) (ml/min./1.73 m?) 
Patient Age Sex Height (ke) area uptake excretion 
(m?) (% dose) | (% dose) 
Thyroid Renal Thyroid Renal 
Euthyroidism—Continued 
59 52 M 68.5 1.86 20.0 59.0 15.8 18.5 14.7 373.2 
60 17 F Say" 57.6 1.57 42.5 45.4 17.0 Pi Oe 18.7 23.4 
61 45 M a Ue 72.5 1.91 20.0 67.0 11.6 39.2 10.5 35.4 
62 28 M bid © al 88.0 2.07 23.0 50.0 8.8 35.2 7.4 29.4 
63 41 M 5’64” 75.0 1.84 25.0 60.0 24.0 42.7 22:5 40.1 
64 45 F a7 60.0 1.69 28.0 55.0 6.0 28.2 6.1 28.9 
65 40 F 5’4” 64.5 1.68 33.9 Sit 20.6 34.8 21.2 35.8 
66 44 M $9” 91.4 2.05 19.0 73.0 11.9 61.2 10.1 $1.7 
67 55 M 5'104” 81.8 1.99 $1.0 23.7 20.4 20.6 17.7 
68 38 M vit 66.0 1.83 34.0 21.8 33.6 20.6 31.7 
69 28 M a114" 89.0 2.09 37.6 42.0 24.0 38.2 19.8 31.5 
70 41 F Mii. iid 79.6 1.86 57.6 42.0 40.4 $1.0 37.6 47.5 
71 55 M sre 59.0 1.68 35.0 65.0 3.6 25.0 ae 25.8 
72 59 M 5'6}” 82.8 1.93 29.3 44.0 13.6 33.9 le 30.4 
73 35 F $’i3" 82.3 1.94 31.0 8.0 28.0 rf: 25.0 
74 52 F 2 45.4 1.42 29.0 56.0 8.6 15.4 10.5 18.7 
75 28 M 5'10” 79.6 1.96 32.0 61.5 $3.2 $4.2 13.4 47.8 
76 37 M Le 64.5 1.73 30.0 $3.0 16.8 $1.6 16.8 51.6 
77 32 F Li a 59.8 1.69 16.2 64.2 5.1 47.5 be 48.5 
78 24 F S*7a"’ 71.0 1.83 22.0 70.5 8.5 54.6 8.0 $1.7 
79 38 M Ai aad 91.0 2.04 23.6 58.7 14.6 $2.0 12.4 46.1 
80 26 M Le add 81.3 1.95 10.8 46.0 9.6 40.8 
81 63 M e743" 48.2 1.44 vy 40.4 10.0 16.1 12.0 19.3 
82 56 M 5’44” 66.0 1.70 36.9 54.3 19.1 30.4 19.4 30.9 
83 60 M 5’9” 70.4 1.83 39.5 58.0 11.3 51.4 10.7 48.5 
84 48 M Se 60.4 1.64 27.4 41.8 8.4 28.0 8.8 29.5 
85 56 M i hal 47.6 1.54 25.5 $5.2 8.1 28.0 9.1 SLS f 
86 31 M bd 57.6 1.56 39.6 40.3 21.9 44.2 23.8 49.0 
87 34 M 6/1” 69.5 1.91 35.1 54.2 242 30.2 19.2 27.3 f 
Hyperthyroidism 
1 45 M 5’43” 66.0 1.67 63.0 13.9 94.5 38.2 97.5 39.4 
2 63 M eb 51.4 1.70 82.0 24.0 73.5 19.0 75.0 19.3 
3 33 M oo” 61.3 1.79 73.0 7.0 371.0 24.5 358.0 23.7 
+ 54 M 5’8” 69.0 1.81 70.0 20.0 345.0 24.8 330.0 23.7 
5 34 M si 59.0 a2 78.5 20.0 210.0 35.4 211.0 35.6 
6 63 M Hh 70.5 1.81 56.0 32.0 tha 74.5 
7 55 M soe” 64.6 1.71 64.0 38.0 82.0 83.0 
8 32 M 5’84” 53.5 1.63 78.0 23.0 257.0 32.4 273.0 34.1 
9 34 M 5'10” 60.0 1.73 71.0 14.0 115.0 15.6 115.0 15.6 
10 54 M 5’4”" 66.0 1.69 82.5 43.5 84.5 44.5 
11 61 M 5’8” 60.5 1.70 75.8 10.4 74.0 9.4 75.5 §.2 
12 37 M so" 63.0 1.75 81.3 8.0 360.0 22.0 356.0 air 
13 34 M. 5'64” 56.8 1.63 77.0 10.3 387.0 34.9 410.0 37.0 
14 61 M él 52.0 1.54 80.0 10.0 206.0 23.2 232.0 25.0 
15 45 M Lg hag 69.4 1.88 61.0 24.0 103.0 39.0 92.0 36.0 
16 62 M 67.5 90.0 11.0 523.0 52.0 $12.0 $1.0 
17 25 F 584” 81.8 1.95 81.0 229.0 60.0 203.0 53.3 
18 63 F 5'4”" 51.0 1.52 84.8 9.7 188.0 52 214.0 19.6 
Hypothyroidism 
1 | 47 | F 5’14” 70.0 | 1.69 3.0 | 73.0 1.2 | 39.2 1.2 | 40.0 
2 23 M 5’10” 65.0 1.80 10.1 92.0 5 Pe 38.4 1.5 36.9 
3 73 M 5'64” 79.5 1.89 75 32.0 0 15.4 0 14.1 
5 55 M Soe” 64.5 1.70 2.9 70.0 $2 33.8 Sea 34.0 


| 
| 
| 
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It has been noted by others (17) that the ‘iodide space”’ 
in thyrotoxic patients may be increased over that found 
in normal subjects. This has not been observed in the 
few cases which we have studied. However, when the 
blood volume is markedly increased and edema associated 
with decompensated heart disease as a consequence of the 
toxic state is present, such an increase in the ‘iodide space"’ 
is to be expected. None of our hyperthyroid patients 
showed such changes. 


C. Evaluation of errors introduced by approxt- 
mations 


In the section on Methods, several approximations were 
made in the mathematical treatment of the changes in 
concentration with time. The validity of the approxima- 
tions made in equations 5, 6, and 7 under the conditions 
of the present study has been tested by graphic integration. 

From the observed values of “iodide space’’ determined 
at minute intervals from the curve in Figure 3, calculated 
plasma concentration-time curves were obtained for com- 
bined thyroid and renal clearance rates of 100-500 ml/min. 
The mean concentrations over the first half hour deter- 
mined by integrating the areas under these curves were 
then compared with the mean concentrations calculated 
from equation 5. Both the approximate integrated dose 
retained (equation 6) and the arithmetic mean dose re- 
tained (equation 7) were employed in calculating the 
average concentrations from equation 5. The per cent 
difference between the graphically integrated and the cal- 
culated average concentrations (i.¢., the error involved in 
the approximations under discussion) was then plotted as 
a function of the combined thyroid and renal clearance 
rates (Figure 4). At the highest combined clearance rate 
in euthyroidism (100 ml/min., see Table III) the error is 
negligible (less than 1%), if either the approximate inte- 
grated or the arithmetic mean dose retained is used to 
calculate the average concentration. At the second highest 
yet observed combined clearance rate (450 ml/min.) the 
error involved when the approximate integrated dose is 
used is only 24-3% and is still less than 10% even when 
the arithmetic mean dose is accepted as the average dose 
retained. 

For more accurate evaluation of the clearance rates in 
hyperthyroidism, correction for the approximations in- 
volved in the calculations of the average concentration 
may be obtained from Figure 4. The only approximation 
which is not corrected for is in using the average “‘iodide 
space”’ over the first half hour as 20% of body weight, but, 
as noted above, this has been observed to be strikingly 
constant in non-edematous subjects with a maximum prob- 
able range of +10% from the mean. 


RESULTS 


A. 24 hour thyroid uptake and renal excretion 
values 


In Table II are presented the clearance data and 
the 24 hour thyroid and urinary I**' accumulation 
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values in 87 euthyroid, 18 untreated hyperthy- 
roid and five hypothyroid subjects, four of whom 
were frankly myxedematous. Studies in five cases 
of hyperthyroidism recently treated with thera- 
peutic doses of I*** or by subtotal resection, with 
only partial clinical success, are also included. 
All of these five patients shortly thereafter re- 
lapsed into full blown toxicity. 

Figure 5 shows the frequency distribution of the 
24 hour thyroid uptake and renal excretion values 
expressed as per cent of the administered dose. 
The range and average values for each clinical 
group are presented in Table III. While there is 
fairly good diagnostic separation of the clinical 
groups there remains a definite overlap with either 
test. The chart on renal excretion excludes 16 
cases in which the urine collection was known to 
be incomplete. Since in any particular case, the 
reliability of a urine collection may be questioned, 
this measurement is even less suitable as a diagnos- 
tic test than might be inferred from the data pic- 
tured in Figure 5. 

A thyroid uptake of 50% or more at the end of 
24 hours has heretofore been accepted in this clinic 
and elsewhere as indicative of hyperthyroidism. 
Seven cases of euthyroidism are noted to fall in 
this range. 

Excluding the cases in which the urine collection 
was known to be incomplete, an average of 87% 
of the administered dose was accounted for in the 
thyroid and urine at the end of 24 hours in the 
euthyroid subjects. 


B. Half hour thyroid uptake curves 


In contrast to the overlap between euthyroid 
and hyperthyroid cases in the 24 hour thyroid up- 
take measurements, the thyroid uptake curves dur- 
ing the first half hour reveal that a better differ- 
entiation is possible at this time (Figure 6). 


TABLE Ill 


Range and mean values for 24 hour thyroid uptake 
and renal excretion 


Renal excretion 
(% of dose) 


Thyroid uptake 
(% of dose) 
Clinical state 


Range 


7.0-38.0 
31.0-76.0 
32.0-92.0 


Mean 


70.1 
33.0 
6.2 


Hyperthyroid 
Euthyroid 
Hypothyroid 


| 
: 
56.0-90.0 18.1 
12.0-68.0 53.7 
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C. Thyroid and renal clearance values 


The frequency distributions of the thyroid and 
renal clearances are shown in Figure 7. The 
clearance rates have been corrected to 1.73 m? sur- 
face area to facilitate comparison between different 
individuals. The range and mean values for each 
clinical group are presented in Table IV. There 
appears to be no real difference in renal clearance 
rates among the various clinical groups. It may 
be assumed that the iodide ion is readily filtered 
through the glomerulus. The clearance values are 


NO. OF PATIENTS 


ax 


then consistent with the interpretation that the 
iodide is reabsorbed by the tubules. That the vari- 
ations in renal clearance among normal individuals 
may be related to tubular mechanisms regulating 
the excretion of other electrolytes, particularly 
chloride, must be considered. This has not been 
investigated. It may be noted, however, that only 
the two lowest points obtained were associated 
with known renal disease. 

In contrast to the distribution of the renal clear- 
ance values the thyroid clearances show a clearcut 
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TABLE IV 


Range and mean values for thyroid 
and renal clearances 


Renal clearance 
(ml /min./1.73 m*) 


Thyroid clearance 
(ml/min ./1.73 


Clinica! state 


Mean 


30.3 
35.6 
26.8 


Range 
Hyperthyroid 
Euthyroid 
Hypothyroid 


5.2-53.3 
11.1-58.0 
9. 1-40.0 


separation between euthyroid and hyperthyroid 
cases, with a less well-defined delineation between 
the euthyroid and hypothyroid cases. The lowest 
clearance rate observed in untreated hyperthyroid- 
ism was almost twice the highest euthyroid clear- 
ance. Even in the patients who were in partial clin- 
ical remission as a result of therapy and who shortly 
thereafter showed complete relapse, the clearance 
rates were significantly beyond the euthyroid range. 
In general the hyperthyroid patients with mark- 
edly enlarged glands showed the highest clearance 
rates. 

The number of euthyroid cases is large enough 
to define reliably the expected range of normal. 
It is unlikely that a significant fraction of euthyroid 
clearance values will be found beyond this range. 
Owing to the small number of observations in 
hyperthyroid cases, it is possible that clearances 
below the present limit may occur. However, be- 
cause of the marked separation between the clini- 
cal groups, it is unlikely that any significant degree 
of overlap will be encountered. 

In order to evaluate the constancy of the thyroid 
clearance rate in the same individual, the values 
obtained from the half hour study were compared, 
in a small group of euthyroid subjects, with those 
obtained between one half hour and three hours fol- 
lowing the administration of I'** (Table V). The 


TABLE V 


Comparison of clearance values determined during the 
first half hour and during one-half to three hours 


Renal clearance 
(ml /min./1.73 


Thyroid clearance 
(ml /min./1.73 m?) 
Patient 


0-§ hour 4-3 hours 0-} hour 
Sis 
30.2 
49.0 
30.9 


4-3 hours 


22.0 
40.5 
25.2 


clearance rates during the one-half hour to three 
hour period were calculated from the thyroid uptake 
values and the actual plasma concentrations during 
this time as determined by repeated plasma analy- 
ses. The relative constancy of the thyroid clear- 
ances observed here confirms the results of My- 
ant, Pochin, and Goldie (17) in studies done over 
a longer period in two subjects. In one patient 
(No. 13) thyroid clearance determinations per- 
formed six weeks apart were almost identical. 

To further test the validity of the area measure- 
ments and the mathematical approximations pre- 
viously considered, the clearance rates during the 
first and second 15 minute periods were compared 
with each other and with the overall 30 minute 
clearance rate in seven subjects (Table VI). The 
clearance rates during each 15 minute period were 


TABLE VI 


Comparison of clearance values determined over different 
periods during first half hour 


Thyroid clearance 
(ml /min./1.73 
Patient 


0-4 hour 


13—9/28/50 
11/9/50 


obtained in the same manner as the 30 minute 
clearance rates by determining the areas under 
each half of the curve in Figure 3. The average 
“iodide spaces” during the first and second 15 
minute periods were found to be 16.5% and 24.8% 
of body weight respectively. In general, the agree- 
ment of the values is within the error of the meas- 
urements. 


D. Correlation of thyroid/renal clearance ratios 
with 24 hour thyroid uptake/renal excretion 
ratios 


Figure 8 shows the correlation of the 24 hour 
thyroid uptake/renal excretion ratios plotted 
against the thyroid/renal clearance ratios. In this 
figure are included the results of 118 studies in 
89 subjects. Cases in which urinary collections 
were known to be incomplete have been excluded. 
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In the hyperthyroid cases both ratios were divided 
by 10 in order to bring the points onto the same 
graph. While the correlation is good (4-fold r= 
0.73), it should be noted that the majority of the 
euthyroid cases fall somewhat to the left of the 45° 
line through the origin. Since the evidence favors 
a constant thyroid clearance, this indicates that the 
average 24 hour renal clearance is slightly lower 
than that obtained during the test period. This is 
probably related to temporary alterations in renal 
function produced by changes in position and ac- 
tivity. In contrast, the points in all but one of the 
hyperthyroid cases fall to the right of the 45° 
line. Considering the increased rate of turnover 
of iodine in the hyperfunctioning gland, the find- 
ing of a 24 hour thyroid uptake/renal excretion 
ratio lower than the respective clearance ratio is 
not unexpected. Significant amounts of radio- 
iodine may be released in an organically bound 
form within the 24 hour period. This results in 
an apparently lower thyroid uptake. Furthermore, 
some of the iodine previously accumulated by the 
thyroid may be excreted directly in organically 
bound form or as iodide resulting from metabolic 
destruction of the organic iodine compounds, thus 
leading to falsely high urinary excretion values. 


E. Effect of renal clearance on thyroid uptake 


To determine the effect of the renal factor on 
the thyroid uptake, the thyroid clearance rates were 
plotted against the renal clearance rates of the 
euthyroid cases as shown in Figure 9. There is 
no significant correlation between them (4-fold 
r=0.1). The probability of the thyroid uptake 
exceeding the renal excretion at any time is repre- 
sented by the per cent of points lying to the left of 
the 45° line intercepting the origin. Eleven 
cases or 12.6% fell into this position. This value 
then represents the expected frequency of a 24 
hour thyroid uptake of 43.5% or greater, since at 
the end of 24 hours, an average of 87% of the 
dose was accounted for in the thyroid and urine. 
Thirteen cases or 16.2% of the actual 24 hour val- 
ues fell in this range. Similarly the expected fre- 
quency of a thyroid uptake of 50% or more of the 
dose is indicated by the per cent of points to the left 
of the line whose slope is 50/37 or 57.5/42.5. Six 
points or 7% fell on or to the left of this line, cor- 
responding exactly to the number of cases found 
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to have a thyroid uptake of 50% or greater at the 
end of 24 hours. 


DISCUSSION 


Inquiry into the application of clearance meth- 
ods to the study of thyroid function was initiated by 
the British group of workers, whose reports (17- 
20) represent the only major contributions in this 
field. These investigators calculated the clearance 
rates from data obtained by multiple assays of 
thyroid activity and plasma concentration over a 
period of several hours following administration of 
I'**. The clearance values of thyrotoxic patients 
observed by them showed a progressive fall with 
time to zero levels in five to seven hours. As may 


TABLE VII 


Calculated removal of radioiodine based on an estimated 
constant 40% space in a 70 kg man 


Combined clearance Half time for 


rates 
(ml/min.) 


% removed at 
24 hours 


8.0 
6.4 
5.3 
4.6 
4.0 
3.6 
1.6 
0.8 


Since, during the early period of time following the 
administration of the dose, the space is considerably 
smaller than the estimated 40%, the half time for removal 
will be appreciably less than the times given in the table 
above for the higher clearance rates; e.g., the half time for 
removal at a combined clearance rate of 400 ml/min. is 
less than 20 minutes. 


be seen from Table VII, which gives for different 
clearance rates the time required for removal by 
the thyroid and kidneys of half the dose, at high 
clearance rates virtually the entire dose may be 
removed within two hours or less. It should be 
also noted that in thyrotoxic patients, clearance 
values obtained more than an hour or two after 
administration of the dose may represent significant 
underestimations since at this time appreciable 
amounts of radioiodine are being released from the 
gland as hormone, compared to the reduced 
amounts entering the gland. These points empha- 
size the necessity for performing the measurements 
as early as possible when dealing with very active 
glands. Further, it is desirable to perform the en- 
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tire determination at a single sitting in order to 
avoid the inevitable errors inherent in reposition- 
ing the counter. 

The thyroid clearance values obtained by My- 
ant, Pochin and Goldie (17) in eight control sub- 
jects showed a range of 8 to 38 ml/min. with a mean 
value of 16 ml/min. Clearance rates in untreated 
thyrotoxic patients ranged from 198 to 1,390 ml/ 
min. with a mean value of 486 ml/min. The renal 
clearance rates ranged from 11 to 46 ml/min. with 
a mean of 27 ml/min. No significant difference in 
the renal clearance rates between control and thy- 
rotoxic subjects was observed. The only other 
figures on I*** clearance that have come to our at- 
tention are those given by Keating and associates 
(21) in eight cases and those of Stanley (22) in 
three cases. In the series of Keating and co- 
workers three euthyroid patients with nodular 
goiter had thyroid clearances varying from 2 to 13 
ml/min., while five patients having exophthalmic 
goiter had clearances ranging from 20 to 228 ml/ 
min. Our results are more in accord with those of 
the British workers (17) and show almost the iden- 
tical range of normal values. This latter group has 
considered the influence of the extraction ratio on 
the clearance rate and has pointed out that not 
only must blood flow be considerably increased 
over the normal rate of 3% to 6 ml per gram of 
tissue per minute (23) but also that extraction 
must be very nearly complete in markedly over- 
active glands. 

The present study, in agreement with many 
others, reveals that approximately % » of an ad- 
ministered dose can be accounted for within the 
thyroid gland and the urine at the end of 24 hours, 
when thyroid and kidneys are functioning nor- 
mally. Measurements taken 24 hours or longer 
after administration of a tracer dose, therefore, 
do not give an estimate of the absolute level of thy- 
roid function but only express the relationship be- 
tween the thyroid and kidneys in their ability to 
clear the blood of iodide. From Table VII, it may 
be seen that at high renal clearance rates almost 
all of the dose is removed at 24 hours even in the 
absence of functioning thyroid tissue. 

Since the thyroid clearance remains fairly con- 
stant, at least for periods of several hours to a 
day, the rate of thyroid uptake is necessarily in- 
fluenced by the rate of renal clearance and the 
changes with time in the space of I'*' distribution 
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within the body. Measurements made on the thy- 
roid alone do not take into account either of these 
factors. Determination of the changes in plasma 
concentration of 1*** alone does not enable one to 
distinguish between removal by the thyroid and 
loss in the urine, nor does it permit evaluation of 
the changes of I'** space. Measurements of the 
rate of renal excretion, such as described by 
Keating, Power, Berkson, and Haines (12) elimi- 
nated the renal factor in the evaluation of thyroid 
function, but did not account for the changes in the 
space of I'*! dilution with time as was well ap- 
preciated by the original workers. 

All of these tests have the additional disadvan- 
tage of requiring multiple assays of one sort or 
another. A single thyroid uptake measurement 
at an early time, in a sense, gives an approxima- 
tion to the rate of iodide accumulation and serves 
to give better diagnostic differentiation than 24 
hour studies. For example even the half hour up- 
take curves alone shown in Figure 6 allow for 
a well marked separation between the euthyroid 
and hyperthyroid cases, although overlapping be- 
tween euthyroid and hypothyroid cases was ob- 
served. Similarly, in a recent report (24) on a 
limited number of patients, multiple measurements 
of thyroid activity during the first hour following 
intravenous administration of the isotope permitted 
a good diagnostic differentiation between euthy- 
roidism and hyperthyroidism. 

Stanley (22) has shown that at low serum inor- 
ganic iodide levels the rate of accumulation of 
radioiodine is independent of the serum iodide 
concentration. In his cases, the I**! accumulation 
was depressed only when high serum levels were 
produced by administration of iodine. This evi- 
dence suggests that, in the untreated gland, it is 
the clearance rate and not the iodide accumulation 
rate which reflects the level of thyroid function. 

The rate of stable iodide (I**7) accumulation 
by the thyroid may be readily calculated as the 
product of the I*** clearance rate and the plasma 
concentration of inorganic iodide (I'*7). It has 
been shown by Taurog and Chaikoff (25) that, 
as early as 15 minutes after the injection of I'*, 
95% of the radioactivity present in the thyroid is 
organically bound. Radioiodine administered to 
patients with Graves’ disease is rapidly released 
into the blood stream as thyroxine (26). Radio- 
iodine is also identifiable in the protein precipitable 
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fraction of the serum of euthyroid subjects as 
early as a few hours following its administration 
(11). If all the iodide leaving the gland is in hor- 
monal form and if the total iodine content of the 
gland is not changed significantly, then the rate of 
I'*? accumulation by the thyroid is equal to the 
rate of hormone release expressed in terms of io- 
dine content. Assuming a serum inorganic iodide 
concentration of approximately 1 pg% (22), then 
at the mean euthyroid clearance rate of 17.7 ml/ 
min., the average daily hormone formation and re- 
This is 
equivalent to 0.39 mg thyroxine or 127 mg USP 
thyroid extract. While these figures are only ap- 
proximations, they agree well with the values of 
Stanley (22) as regards I'*? accumulation and with 
Greer’s (27) estimates of thyroid extract equiva- 
lent produced daily. They are also close to the 


lease would amount to 255 wg iodine. 


daily requirements of myxedematous patients. 
Where significant amounts of iodine have been 
recently ingested or when drugs affecting thyroid 
function have been administered, these specula- 
As an example 
it may be noted that in hyperthyroid patients un- 


tions lead to invalid conclusions. 


der the influence of such drugs as propylthiouracil 
and tapazole, the clearance rates may remain con- 
siderably elevated (28), indicating continued 
ability of the thyroid temporarily to accumulate 
radioiodine. Since hormone formation is blocked 
by the drug, however, the iodide is rapidly re- 
leased from the gland as such, and in this circum- 
stance there is no direct relationship between the 
rate of iodine accumulation and the rate of hormone 
formation. Ideally, on theoretical grounds, the rate 
of hormone formation and utilization would be 
most likely to reflect the clinical state of thyroid 
function. No publications satisfactorily dealing 
with the direct solution of this problem have yet 
Some recent studies (29-31), report- 
ing the level of organically bound I'** in the serum 


appeared. 


at various times following the administration of the 
isotope, have failed to take into consideration dif- 
ferences in the stable iodine content of the thy- 
roids of different individuals and the time required 
to achieve constant specific activity within the 
body. In any event, this measurement alone does 
not give more than a first approximation to the 
rate of hormone formation. 
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SUMMARY AND CONCLUSIONS 


1. The thyroidal and renal plasma I*** clearance 
rates may be obtained in non-edematous individu- 
als with good approximation by a method which is 


suitable for routine diagnostic use and which 
does not require the analysis of blood samples. 
The method is based on an observed relationship 
of relative constancy between the body weight and 
the space of I** dilution during the first half hour 
following intravenous administration of the isotope. 
The clearance rates are readily determined in a 
single 35 minute sitting from the assay of radio- 
activity in the neck and in a single urine specimen. 

2. The clearance rates and the 24 hour thyroid 
uptake and renal excretion values for 87 euthyroid, 
18 untreated hyperthyroid, five treated hyperthy- 
roid and five hypothyroid patients are presented. 
Overlap between euthyroid and hyperthyroid 24 
hour values was obtained. The lowest thyroidal 
clearance rate in hyperthyroidism was almost twice 
the highest rate in euthyroidism. From analysis 
of the clearance rates it is to be expected that ap- 
proximately 7% of the 24 hour values of normal 
subjects will fall into the hyperthyroid range. 

3. In euthyroidism and hyperthyroidism the 
clearance rates are such that at the end of 24 hours 
approximately 90% or more of the dose has been 
removed by the thyroid and kidneys. The frac- 
tion of the dose of radioiodine concentrated in the 
thyroid, especially at this time, is modified by a 
number of extraneous factors, chief of which is 
the rate of renal clearance. Since the thyroid 
clearance rate is independent of these factors it is 
the most direct and reliable index of the iodine ac- 
cumulating function of the thyroid gland. 

4. The relationship of the thyroidal I'*' clear- 
ance rate to the rate of thyroid hormone formation 
is discussed. 
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APPENDIX A 


If the space of dilution and the rate of removal by the 
thyroid and kidneys remained constant the dose retained 
would decrease exponentially with time according to the 
formula: 


= Doe™*, (a) 


where 


D, = dose retained at any time, t 
Do = the administered dose 
= the constant fraction of the dose removed per unit 
time. 


The relative constancy of the clearance rates over periods 
up to three hours has been verified in the present study 
confirming the findings of Myant, Pochin, and Goldie (17) 
in normals. 

The average dose retained over any time interval could 
then be expressed as 


Doe™* dt 


where Do_r = average dose retained over time interval 
O — T. X may be obtained from equation (a) as follows: 
Dr 
De 
(c) 
where Dy = dose retained at time T. 

Since the space of dilution is changing during the first 
half hour following injection, \ is a variable and these 
relationships do not hold as absolute equalities. However, 
the change in \ is such that for values of AT which are 
small compared to 1, the following approximation is valid. 


(See Figure 4.) Integrating (b) between the designated 
limits, 

where 


Do-r = approximated integrated dose retained 
d = average value obtained from (c). 


APPENDIX B 


That this approximation is valid for small values of AT 
can be shown as follows: 


Do(1 — 


Expanding (1 —e 
Bor = -(1 


Do 
Do-t = Do — Doxt + 


can be neglected. Then 
Do - 


DoAT 
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But DodAT approximates Do — Dr for small values of AT. 
Therefore 


APPENDIX C 


Sam ple protocol and calculations 


No. 70 41 year old white woman 5’54”, 79.6 kg Surface 
area = 1.86 m*. Dose 49.7 yc i.v. at 2:02 p.m., 1/22/51. 


Time after injection Activity in we over neck 


Background -76 uc 
1 minute 7.70 uc 
2 minutes 7.47 pc 
3 minutes 7.61 uc 
29 minutes 9.75 pc 
30 minutes 9.90 uc 
31 minutes 9.90 ye 


Urine passed at 2:36 p.m. (29 minute specimen) contained 
4.25 pe. 


Calculations 


Initial extrathyroidal level in neck (E) = 7.47 wc — .76 pc 
= 6.71 yc. 
Observed increase in activity over neck (O) = 9.90 uc 
— 747 uc = 2.43 ue. 
29 minute urinary excretion (U) = 4.25 ye. 
Dose administered (D) = 49.7 ye. 
Substituting these values in equation 2: 
Thyroid uptake (Th) 
(2.43)(49.7) + (6.71)(4.25) 
49.7 — 6.71 
Dose retained at end of half hour (Dj nr) 


= 49.7 — (3.48 + 4.25) ye, 
= 41.97 yc. 


= 3.48 yc 


Average dose retained (Do-4 hr): 
(a) Determination of arithmetic mean dose: 


49.7 + 41.97 


From equation 7: Do-4nr = 5 = 45.8 yc 


(b) Determination of approximate integrated dose: 
From equation c in Appendix A: 


41.97 
AT = —In 49.7 = 0.167 
From equation 6: 
= 49.7(1 — 187) 
Do-4nr = 45.8 yc. 


Substituting the arithmetic mean dose from (a) in the 
final clearance formula (equation 8 or 9) 


x 79.6 = 40.4 ml/min. 
= 37.6 ml/min./1.73 m? 
4.25.20 X 108 


X 79.6 = 51 ml/min. 
=47.5 ml/min./1.73m? 


Clrenat ™ 953 39 
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The plasma tocopherol level is often low in cir- 
rhosis (1, 2). Whether such low values reflect 
alterations in the absorption, utilization or excre- 
tion of tocopherol related to liver damage, or are 
the result of a decreased dietary intake is not 
known. Previous attempts to investigate tocoph- 
erol metabolism in liver disease have been limited 
to tests of tocopherol tolerance based on plasma 
curves (1, 2) and have shed little light on the 
problem, largely because tolerance tests cannot be 
interpreted in terms of absorption and utilization 
without parallel studies of excretion and storage. 
The present report is concerned with the results 
of such studies in Laennec’s cirrhosis. These have 
been made possible by the recent development of 
analytical methods for the determination of tocoph- 
erol in excreta. 

In a preliminary investigation (1) of a group of 
subjects with a variety of liver diseases, including 
Laennec’s cirrhosis, it was found that the plasma 
tocopherol level was significantly lower than in 
young healthy adults, but that it did not differ sig- 
nificantly from that of randomly-selected, hospital- 
ized convalescent controls without evidence of liver 
disease. Moreover, there was no correlation be- 
tween the plasma level and the degree of hepatic 
dysfunction, suggesting that low levels might be 
related to extrahepatic factors. Oral tocopherol 
tolerance tests were carried out to exclude im- 
pairment of absorption as one of these factors. 
These revealed relative flat plasma curves, but the 
lack of any correlation between the height of the 
curve and the original plasma level did not appear 
to be consistent with the interpretation that low 
plasma concentrations were the result of impaired 
absorption. Attempts to investigate tocopherol 
utilization by means of parenteral tolerance tests 
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were unsuccessful, because none of the available 
preparations of tocopherol could be used intra- 
venously, and none was freely absorbed from mus- 
cle. No definite conclusions could be drawn from 
these observations, but it was suggested that the 
low plasma levels seen in some subjects with liver 
disease might be the result of a reduced dietary in- 
take of tocopherol. 

The present study was limited to Laennec’s 
cirrhosis, since there was reason to believe that 
alterations in tocopherol metabolism might differ 
in the various hepatic disease groups previously 
investigated. The results indicate that there is no 
impairment of tocopherol absorption or storage 
in the cirrhotic, and suggest that low plasma to- 
copherol levels are probably indicative of depleted 
tissue stores related to a deficient dietary intake. 


MATERIAL AND METHODS 


Subjects. The combined study of tocopherol saturation, 
tolerance and excretion described below was carried out 
in 11 subjects with Laennec’s cirrhosis, eight normal 
healthy adults, and seven randomly-selected, hospitalized, 
convalescent controls. Additional data on plasma tocoph- 
erol concentration and on tocopherol tolerance tests were 
obtained in 22 other cirrhotics, 23 normals, and 53 con- 
valescents. 

The diagnosis of Laennec’s cirrhosis was clearly evi- 
dent from the clinical and laboratory findings in every 
instance, and was confirmed by needle biopsy of the liver 
in all but one case. On the whole the disease was in an 
advanced stage when these studies were carried out. The 
normal healthy adults were medical students, physicians, 
nurses, and laboratory technicians between the ages of 20 
and 40. The hospitalized controls were convalescent from 
a variety of diseases at the time of the study. Liver dis- 
ease was excluded in both control groups on the basis 
of the history and physical findings and the result of multi- 
ple liver function tests. 

Diets. The cirrhotics were on an experimental diet 
which provided 1 gram of protein per kilogram, 100 grams 
of fat, and sufficient carbohydrate to raise the total intake 
to 30 calories per kilogram of body weight. The total 
tocopherol content of several such diets was calculated 
from the tables published by Harris, Quaife and Swanson 
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(3) and was found to range between 17.87 and 25.97 mg., 
averaging 21.03 mg. per day. 

The normal controls, with few exceptions, ate their 
meals in the staff dining room of the hospital. The to- 
copherol content of the diet provided there on five 
randomly-selected days varied between 22.14 and 42.73 
mg., averaging 33.53 mg. per day. 

The convalescent controls were all on the routine hos- 
iptal diet while under investigation. Its tocopherol con- 
tent was found to range between 25.52 and 43.50 mg. on 
five randomly-selected days, and averaged 30.76 mg. 

Analytical techniques. Plasma tocopherol concentration 
was determined on oxalated venous blood by the method 
of Quaife and Biehler (4). Due to the large volume of 
plasma required it was not possible to carry out analyses 
in duplicate. Recoveries of 98.7 to 101.5 per cent were 
obtained when d-alpha-tocopherol was added to serum in 
amounts equivalent to 0.5 to 2.0 mg. per cent. 

Fecal tocopherol was determined by a modification (5) 
of the method described by Quaife and Harris (6) for 
the analysis of total tocopherol in foods. In brief the 
specimens were homogenized, quick-frozen in dry-ice and 
alcohol, dehydrated under vacuum, and then extracted 
with hot ethanol in a Soxhlet apparatus. The extracted 
lipids were then transferred to petroleum ether, evaporated, 
and then distilled under high vacuum in an analytical mo- 
lecular still. The distillate was taken up in ethanol, hy- 
drogenated to remove non-tocopherol reducing substances, 
and then analyzed for total tocopherol photometrically, 
employing the Emmerie-Engel ferric chloride reduction- 
bipyridine reaction. All determinations were carried out 
in duplicate samples, which did not vary by more than 
* 3 per cent. Recoveries of 98 to 103 per cent were ob- 
tained following molecular distillation of pure d-alpha- 
tocopherol in amounts ranging from 10 to 1,000 gamma. 
On addition of d-alpha-tocopherol to 100 gram aliquots of 
feces, recoveries varied from 92 to 99 per cent with addi- 
tions of 25 to 1,000 mg., but fell to 73 to 89 per cent when 
the addition was as small as 10 mg. 

The method employed in analyzing the plasma and 
feces for tocopheryl esters was based on a saponification 
technique carried out in an atmosphere of nitrogen, fol- 
lowing preliminary evacuation of air from the samples and 
reagents (5). 

All samples of plasma and feces were stored in a dry- 
ice refrigerator at temperatures well below — 20° C. and 
were usually analyzed within a few days of their collection. 
It has been shown that tocopherol is stable under these 
conditions for at least eight weeks (7). 

Tocopherol tolerance tests. Following the administra- 
tion of 500 mg. of dl-alpha-tocopheryl acetate (457 mg. 
of free tocopherol) in tablet form,? specimens of blood 
were drawn for tocopherol analysis at 0, 3, 6, 9, 12, and 
24 hours. The test was begun in the early morning with 
the subject in the fasting state, but only the 0 and 24 hour 
specimens were collected under these conditions, the sub- 
ject being allowed to eat regularly during the remainder of 
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the test. In a previous study (1) it was shown that the 
diets employed had no significant effect on the plasma 
tocopherol level. 

Combined saturation, tolerance, and excretion study. 
Each of the subjects was studied for six consecutive three- 
day periods. The plasma tocopherol concentration was 
determined daily, while fecal analyses were carried out 
on pooled three-day collections marked off with orally 
administered carmine-red. 

Oral tocopherol tolerance tests were carried out on day 
three, at the beginning of Period II, and again on day ten 
during Period IV. The first test followed a three-day con- 
trol period of the diet alone. The second test followed the 
administration of 4000 mg. of dl-alpha-tocopheryl acetate 
(3,656 mg. of free tocopherol) given as follows: day 
three 500 mg., days four through eight 200 mg. t.i.d., day 
nine none, and day ten 500 mg. 


The following is a summary of the procedures carried 
out: 


Tocopheryl 
acetate Tocopherol acetate 
administered | administered daily 
per period 


Fecal 
tocopherol 


Plasma 
tocopherol 


mg. me. 
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0 
0 
0 
00 


500 Tolerance 


test I 
600 
600 
600 


600 
600 


0 
500 Tolerance 
test IT 


Period II 


Period III 


wre 


Period IV 


Period V 


Period VI 


addition to these studies, complete urine collections 
were made daily for creatine and creatinine analysis, a 
sample of blood was tested for dialuric acid hemolysis, 
and, in the cirrhotic group, a section of liver obtained by 
needle biopsy was stained for acid-fast ceroid in an at- 
tempt to demonstrate physiological evidence of vitamin 
E deficiency. The results of these studies will be re- 
ported elsewhere. 


RESULTS 


Fasting plasma tocopherol level. The mean 
plasma tocopherol concentration was 1.22 + 0.35 
mg. per cent in the normal healthy adults, 0.92 + 
0.32 mg. per cent in the cirrhotics, and 0.97 + 0.33 
mg. per cent in the convalescent controls. The 
concentration in the cirrhotic group was signifi- 
cantly lower than in the normal healthy adults, but 
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TABLE I 
Fasting plasma tocopherol concentration 


Standard 
deviation 


Number of Number of 


observations subjects Maximum Minimum 


mg. per cent mg. per cent mg. per cent 
Total observations* 
normals 31 2.00 0.62 +0.35 
cirrhotics 33 1.70 0.29 +0.32 
convalescents 60 0.35 +0.33 


Individual observationst 
(initial values only) 
normals 31 +0.33 
cirrhotics 33 +0.29 
convalescents 60 x +0.35 


* Mean value for normals significantly greater than that of cirrhotics (t = 3.80, p<0.01) and convalescents 
(t = 4.73, p>0.01). No significant difference between means for cirrhotics and convalescents (t = 0.88, p>0.20 

t Mean value for normals significantly greater than that of cirrhotics (t = 3.26, p<0.01) and convalescents 
(t = 4.62, p>0.01). No significant difference between means for cirrhotics and convalescents (t = 1.89, p>0.05). 


TABLE II 
Relation of fasting plasma tocopherol concentration to tocopherol administration 


Day 2 


Tocopherol 
administered (mg.) 
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3 5 | 9 w 13 14 15 16 17 18 

0 | o | 457 548 | 548 | 548 | ss | o | 457 | 0 | | 

| 

: mg. per cent : 
| | | | | | : 
1 | 0.66} 0.64 | 0.62 oy 
2 | 1.18] 0.92 | 0.89 * 
3 | 0.92] 0.94 | 0.90 
4 | 1.14] 1.10} 1,08 
5 | 1.22] 1.21] 1.20 
6 | 1.38] 1.34 | 1.30 
7 | 1.74] 1.77] 1.70 
8 | 1.70] 1.76 | 1.74 
| 
— | | 1.24] 1.21] 1.18 ms 
| 1.04| 0.74 | 0.80} — | 0.74] 0.64 | 0.58 
10 0.90] — | 0.69] — | 0.55] 0.54 | 0.56 
11 — |0.93| 1.04] 0.92 | 0.78] 0.62 | 0.55 ae 
12 — | 0.89 | 0.90] 1.02 | 0.96} 0.94 | 0.92 
13 1.61] 1.58 | — | 1.64] 1.56] 1.50 | 1.48 
14 2.15] 1.67 | 1.38] 1.24] — | 1.36] 1.38 4 
15 1.60] 1.54] 1.48] 1.28] — | 1.16] 1.13 ae 
16 2.11] — | — | 1.94] 1.71] 1.56 | 1.52 
18 1.38] 1.30] 1.27] 0.95} — | 1.04] 1.14 
19 1.64] 1.53 | 1.46] 1.34] — | 1.36] 1.34 
Mean 1.55] 1.29 | 1.13] 1.29 | 1.07] 1.07 | 1.07 
Convalescents 
20 0.63 | 0.62| 0.66 | 0.74] 0.82 | 0.90] 0.98 | 1.14] 1.20 | 0.96] 0.94 | 0.89] 0.90 | — | 0.92 | 0.90} 0.94 | 0.92 - 
21 0.71 | 0.75] 0.72 | 1.26] 1.38 | 1.44] — | 1.46] 1.58] 1.40] 1.32 | 1.14] 0.86 | 0.82] 0.72 | — | 0.74 | 0.70 
22 0.72 | 0.72] 0.74 | 0.76] 0.80 | 0.92] 1.22 | 1.30} — | 1.20] 1.18] 1.10] 0.94 | 0.96] 0.84} — | 0.77] 0.74 
\ 23 0.76 | 0.74| 0.78 | 0.94] 1.02 | 1.14] 1.22] — | — | 1.20] 1.24 | 1.12] 0.94 | 0.86] — | — | 0.63] 0.78 
24 0.86 | 0.87] 0.85 | 0.91] — | 1.80} 1.88] — | 2.13] 1.80] 1.80] — | — | — | 1.14] — — 
25 0.98 } 0.94] 1.05 | 1.86] 1.72} 1.95] — | 2.18] 2.02} 2.11] 2.66] 2.40} — | 1.71] — | 1.64] 1.58] 1.28 i 
26 1.09 | 1.02] 1.12 | 1.84] 1.98 | 2.03] 1.90 | 1.96] 1.86 | 1.78] 1.69] 1.59] 1.46] — | — | 1.16] — | 1.10 
Mean 0.82 | 0.81] 0.85 | 1.19} 1.29 | 1.45] 1.44] 1.61] 1.76] 1.49] 1.55 | 1.37] 1.02 | 1.09] 0.91 | 1.23] 0.92 | 6.92 ee 
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did not differ significantly from that in the con- 
valescent controls (Table I). However, it will be 
noted that there was considerable overlapping of 
values in all three groups, and that low values were 
by no means a constant finding in cirrhosis. 
Moreover, in the cirrhotic group there was no cor- 
relation between the plasma level and the state of 
hepatic function, as judged by the serum concen- 
trations of albumin (n = 27, r= + 0.330, p> 
0.05) and bilirubin (n = 41, r= — 0.043, p> 
0.05). 

These observations suggested that extrahepatic 
factors might be more important in determining 
the plasma tocopherol level in cirrhosis than the 
state of hepatic function. 

Effect of tissue saturation on the plasma tocoph- 
erol level. An attempt was made to saturate the 
tissues with tocopherol to determine whether low 
plasma levels were indicative of relatively depleted 
tissue stores. The amount of tocopherol adminis- 
tered, 3.656 giams in eight days, exceeded the esti- 
mated total body content (8), so that appreciable 
tissue saturation probably occurred, even though 
simultaneous fecal studies revealed that only 60 
to 70 per cent was absorbed. 
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During the administration of tocopherol the 
plasma level rose steadily, usually reaching a peak 
on the fifth and sixth day (Table II). At the 
peak neither the absolute values attained nor the 
increases above the initial levels differed signifi- 
cantly in the three groups of subjects (Table IIT). 
However, following the withdrawal of tocopherol, 
there was a prompt fall to the pretreatment level 
in the normal group, while the level remained ele- 
vated in eight of the 11 cirrhotics and two of the 
seven convalescent controls (Table II). The 
mean increase in concentration eight days follow- 
ing cessation of tocopherol administration was 
statistically significant in the cirrhotic group, but 
not in the convalescent controls (Table III). 

The readiness with which the plasma concen- 
tration could be raised by means of orally ad- 
ministered tocopherol and the sustained character 
of the increase following presumed saturation of 
the tissues suggested that the low plasma levels in 
cirrhosis were probably more closely related to 
tissue depletion than to any impairment of ab- 
sorption or utilization. A similar sustained in- 
crease in plasma tocopherol was observed follow- 
ing the administration of tocopherol to individuals 


TABLE Ill 


Effect of daily tocopherol administration on fasting plasma tocopherol concentration 


Number of 
subjects 


Standard 
Maximum Minimum Mean deviation 


Maximum increase in plasma _ tocopherol 
over control level, mg. per cent 
normals 
cirrhotics 
convalescents 


Maximum concentration of plasma _toco- 
pherol attained, mg. per cent 
normals 
cirrhotics 
convalescents 


Day of tocopherol administration on which 
maximum concentration was attained 
normals 
cirrhotics 
convalescents 


Difference between tocopherol concentra- 
tion 8 days following cessation of to- 
copherol administration and _ initial 
control level 

normals 8 
cirrhotics 11 
convalescents 7 


+0.33 
+0.40 
+0.41 


+0.56 
+0.48 
+0.52 


+0.02 
+0.20 
+0.13 


0.00 
+0.56 
+0.29 


—0.06 
—0.01 
— 0.03 


—0.02t 
+0.21f 
+0.08 


* Difference between means not statistically significant. 


t Difference between normals and cirrhotics highly significant (t = 3.71, p<0.01); difference between normals 
and convalescents, or cirrhotics and convalescents not statistically significant. 


2: 
ig 
a 8 1.20 0.50 0.93* 
1.90 0.67 1.17* 
=a 7 1.67 0.48 0.91* 
ny 8 3.25 1.15 2.14* 
11 2.80 1.33 2.05 
7 2.66 1.20 1.73 
be 
6 3 5.1% +1.2 
pa i 7 4 5.4° +0.8 
cil 7 8 3 6.0* +1.6 
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TABLE IV 
Results of oral tocopherol tolerance tests (500 mg. dl-alpha-tocopheryl acetate) 


f ? Standard 
M M Mean deviation 
Maximum increase in plasma tocopherol 
concentration, mg. per cent 
normals 8 2.00 0.20 0.83 +0.57 
cirrhotics 26 1.86 0.00 0.70* +0.12 
convalescents 28 0.12 +0.85 
Mean increase in plasma tocopherol con- 
centration, mg. per cent (calculated 
from area of curves) 
normals 8 0.13 0.48t +0.27 
cirrhotics 26 0.00 0.39F +0.29 
convalescents 28 0.00 0.57¢ +0.51 
Maximum concentration of plasma toco- 
pherol during tolerance test, mg. per 
cent 
normals 8 3.09 0.82 ies +0.76 
cirrhotics 26 2.64 0.56 1.65 +0.60 
convalescents 28 4.98 0.76 2.03t +0.99 


* Difference between cirrhotics and convalescents statistically significant (t = 2.59, p<0.02); difference between 
cirrhotics and normals, or convalescents and normals not statistically significant. 
¢ Difference between means not statistically significant. 


whose previous intake had been low and whose Fractionation of plasma tocopherol. Since to- 


tissues had presumably been depleted (9). Judg- 
ing from the results of animal feeding experiments 
(10) it may be presumed that the tissue stores 
were likewise increased by tocopherol administra- 
tion in the normal and convalescent controls, even 
though there was no sustained increase in plasma 
concentration. These findings suggest that there 
may be mechanisms tending to stabilize the plasma 
tocopherol level within the normal range. 


copheryl esters fail to react in the Emmerie-Engel 
reaction, on which our analytical procedures were 
based, they would go undetected leading to falsely 
low values. It was necessary, therefore, to ex- 
clude their presence by analyzing the plasma fol- 
lowing saponification. By this method, no to- 
copheryl esters could be demonstrated in the 
plasma, even after large doses of tocopheryl ace- 
tate were administered. Thus, in a cirrhotic with 


TABLE V 


Comparison of oral tocopherol tolerance tests before and after the administration of 
3.5 grams of dl-alpha-tocopheryl acetate over a six-day period 


Maximum increase in plasma Mean rise in plasma Maximum plasma tocopherol 
umber tocopherol concentration tocopherol concentration at height of curve 
of - 
Maxi- | Mini- Mini- . d| Maxi- | Mini- Stanc 
mg. per cent mg. per cent mg. per cent 
Normals 8 
before 2.00 | 0.20 | 0.83* | +0.57 | 0.89 | 0.13 | 0.48¢ | 40.27 | 3.09 | 0.82 | 2.04* | +0.76 
after 1.32 | 0.06 | 0.58* | +0.38 | 0.36 | 0.01 | 0.20f | 40.11 | 3.75 | 1.27 | 2.48* | +0.70 
Cirrhotics 11 
before 1.42 | 0.38 | 0.76% | +0.37 | 0.87 | 0.16 | 0.44¢ | 40.24 | 2.78 | 0.76 | 1.62¢ | +0.62 
after 1.7 0.00 | 0.61% | +0.34 | 0.70 | 0.00 | 0.18f | 40.18 | 3.14 | 1.46 | 2.28f | +0.65 
Convalescents 7 
before 1.12 | 0.12 | 0.57* | 40.39 | 0.64 | 0.01 | 0.33" | +0.24 | 2.14 | 0.76 a tet +0.49 
after 1.06 | 0.22 | 0.67* | +0.08 | 0.41 | 0.06 | 0.19% | +0.10 | 2.84 | 1.42 | 2.16 +0.58 


* Difference between means not statistically significant. 
t Difference between means statistically significant: mean rise in normals, t = 2.56, p<0.05; in cirrhotics, t = 2.76, 
p <0.02; maximum plasma tocopherol in cirrhotics, t = 2.35, p<0.05; in convalescents, t = 2.45, p<0.05. 
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low plasma levels of 0.37, 0.42, and 0.39 mg. per 
cent on successive days while receiving 600 mg. 
of dl-alpha tocopheryl acetate daily, there were re- 
coveries of only 0.20, 0.28, and 0.22 mg. per cent 
following saponification. Similarly in a normal 
subject with a high plasma level of 2.78 mg. per 
cent during a similar period of tocopheryl acetate 
administration, only 1.65 mg. per cent could be re- 
covered following saponification. These recover- 
ies, representing 54 to 67 per cent of the original 
tocopherol present, were even smaller than those 
obtained following saponification of comparable 
concentrations of pure d-alpha-tocopherol in al- 
cohol. 

Other investigators (11, 12) have likewise failed 
to demonstrate the presence of tocophery! esters 
in the plasma of normal animals following the oral 
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administration of tocopheryl acetate or phosphate. 

Oral tocopherol tolerance tests. To further in- 
vestigate the possibility that the low plasma tocoph- 
erol levels in cirrhosis were more closely related 
to depleted tissue stores than to impaired absorp- 
tion or hepatic dysfunction, the response of the 
plasma level to a single test dose of tocopheryl ace- 
tate was studied both before and after tissue 
saturation. 

Before saturation, the cirrhotics showed a 
smaller rise in plasma tocopherol concentration 
than either the normal or convalescent controls 
(Table IV). However, the difference between 
the cirrhotic and normal subjects was not statisti- 
cally significant, and when the tolerance curves 
were compared on the basis of the mean rise in con- 
centration, calculated from the areas under the 


TABLE VI 


Relation of fecal tocopherol excretion to tocopherol intake 


Tocopherol intake 


Fecal tocopherol excretion 


Number of 
subjects 


Dietary acetate 


Standard 


Mean deviation 


Maximum Minimum 


Period I 
normals 
cirrhotics 
convalescents 


Period II 
normals 
cirrhotics 
convalescents 


Period HI 
normals 
cirrhotics 
convalescents 


Period IV 
normals 
cirrhotics 
convalescents 


Period Vt 
normals 
cirrhotics 
convalescents 


Period VI§ 
normals 
cirrhotics 
convalescents 


mg. per 3-day period 


mg. per 3-day period 


74.37 
35.21 
62.58 


48.39 
12.26 
36.65 


64.85 
22.23* 
49.29+ 


797.04 
292.69 
742.73 


929.36 
507.65* 
861.54 


1,138.80 
644.49 
982.68 


969.15 1,070.79 
634.85* 


1,080.24 


1,248.56 
840.09 337.34 


1,240.83 950.10 


429.57 
193.44 
286.08 


330.22 
158.83* 
252.71 


79.97 
47.38* 
68.12 


63.25 
38.53° | + 
60.08 | + 


* Excretion in cirrhotics significantly lower than in normals and convalescents (Period I, t = 7.61 and 4.66, re- 
spectively; Period I], t = 5.86 and 5.32; ne pe III, t = 5.25 and 5.06; Period IV, t = 8.06 and 5.68; Period V,t = 4.18 


and 3.00; Period VI, t = 7.14 and 3.94: * 


value of 3.17 = p<0.01; t, 3.00 = p<0.02 >» 


¢ Excretion in convalescents signific. a lower than in normals during Period I only (t = 2.71, p<0.05). 
t Excretion during Period V significantly greater than in Period I in convalescents and in cirrhotics (t = 2.72, 


p <0.05 and t = 4.33, p<0.01, respectively). 
(t = 1.98, p<0.10, >0.05). 


Difference between Periods I and V in normals of borderline significance 


§ Excretion during Period VI significantly greater than in Period I in cirrhotic group only (t = 2.38, p<0.05). 


— 6 100.6 0 100.6 + 8.79 
— 6 63.1 ) 63.1 + 8.96 
— 5 92.3 0 92.1 + 8.44 
“ 6 100.6 1,553.8 | 1,654.4 +108.4 
6 63.1 1,553.8 | 1,616.9 +119.6 ke 
J 5 92.3 1,553.8 | 1,646.1 + 79.0 - 
ss 6 100.6 1,645.2 | 1,745.8 + 98.8 
; 6 63.1 1,645.2 | 1,708.3 +157.6 
5 92.3 1,645.2 1,737.5 105.9 
ois 6 100.6 457.0 557.6 275.10 + 49.5 
By 6 63.1 457.0 520.1 126.99 + 24.7 
r 5 92.3 457.0 $49.3 212.59 + 24.6 : 
: 6 100.6 0 100.6 100.31 57.99 + 14.70 . 
z 6 63.1 0 63.1 62.27 36.90 + 842 
ar 5 92.3 0 92.3 84.33 53.75 + 10.94 
Be 6 100.6 0 100.6 70.48 | $4.78 5.32 
g 6 63.1 0 63.1 48.39 34.53 5.03 
ie 5 92.3 0 92.3 75.25 45.71 9.70 
4 
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TABLE}VII 
Percentage of ingested tocopherol recovered in the feces 


Per cent ‘ocopherol recovered in feces 


Mg. tocopherol 
f ingested 
period Standard 


Maximum Minimum Mean 


Period 7 


normals 6 100.6 73.9 48.1 64.4 + 9.2 
cirrhotics 6 63.1 55.8 19.4 35.2f +14.2 
convalescents : 67.9 39.8 53.5 + 9.0 


Period IT 


normals 6 1,654.4 68.8 48.2 6 + 64 
cirrhotics 6 1,616.9 39.9 18.1 31.4 + 7.5 
5 1,646.1 : 5 + 5.0 


convalescents 


Period III 


normals 6 1,745.8 a5 55.5 61.3 + 6.0 
cirrhotics 6 1,708.3 49.2 19.7 37.2 + 9.0 
convalescents 5 1,737. 5.9 


Period IV 


normals 6 557.6 77.0 49.3 59.2 + 9.0 
cirrhotics 6 §20.1 372 24.4 30.6t + 4.4 
convalescents : + 4.5 


Period V§ 


normals 6 100.6 99.7 57.6 79.5 +14.6 
cirrhotics 6 63.1 98.7 58.5 SA +13.2 
convalescents 5 91.6 


Period VI§ 
normals 6 7 if + 4.9 
cirrhotics 6 63.1 76.7 54.7 61.1 + 7.7 
81.7 +10.6 


convalescents 


* Calculated content of diet plus tocopherol administered as acetate (see Table V1). 
t Excretion in cirrhotics significantly be than in normals or convalescents during Periods I through IV (Period I, 
t = 3.89 and 2.36, pe Period II, t = 5.63 and 5.06; Period III, t = 4.98 and 5.06; Period IV, t = 6.39 and 5.18; 
“t” value of 3.17 = p<0.01). 

t Excretion in convalescents significantly less than in normals during Period IV only (t = 2.88, p<0.02). 

§ Excretion during Period V significantly greater than in Period I in cirrhotics (t = 4.36, p<0. 01) and convalescents 
(t = 2.75, p<0.05); difference of borderline significance in normals (t = 1.96, p<0.10>0.05); excretion during Period VI 
significantly greater than in Period I in cirrhotics only (t = 3.51, p<0.01). 


curves measured with a planimeter, or on the basis the peak of the curves (Table V). Unfortunately, 
of the maximum absolute values attained at the in the three small groups of subjects, randomly- i 
peak, no significant differences were discerned be- selected for testing before and after saturation, 
tween any of the groups. Moreover, in the cir- there were no differences between the tolerance 
rhotic group no significant correlations could be curves before saturation (Table V), so that the 
demonstrated between the magnitude of the rise uniformity of the curves observed after saturation 
in plasma tocopherol concentration and the initial could not be ascribed to a change in the state of the 
level (n = 25, r= +0.274, p>0.05), or the tissue stores. 


state of hepatic function, as judged by the concen- When the tolerance tests carried out before and 
trations of serum albumin (n = 19, r= — 0.160, after saturation were compared (Table V), it 
p> 0.05) and bilirubin (n = 25, r= —0.080, was found that the rise in plasma tocopherol con- 
p > 0.05). centration was smaller after saturation than be- 


Following saturation of the tissues with tocoph- fore, both in the normal and cirrhotic groups. The 
erol, the tolerance curves in the three groups no differences were not statistically significant when 
longer differed, whether compared on the basis the comparison was based on the maximum in- 
of the maximum or mean rise in plasma tocopherol, crease in plasma tocopherol, but were significant 
or on the basis of the absolute values attained at when based on the mean rise calculated from the 
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TABLE VIII 


Correlations between fecal excretion of tocopherol and the plasma tocopherol level, 
the results of the tocopherol tolerance test and the state of hepatic function 


Mean fasting 


Tocopherol tolerance test 
Serum 


plasma 


Subject 
tocopherol*® 


Maximum rise 


bilirubin 
Mean rise 


mg. per cent 
0.36 
1.11 
0.90 
0.58 
1.03 
0.44 
0.73 
0.76 
0.64 
1.09 
0.86 
0.73 
0.65 
1.74 
1.74 
0.92 


mg. per 3-day 
period 


12.26 
12.51 
18.37 
22.62 
32.42 
35.21 
36.65 
46.64 
48.03 
48.39 
52.54 
59.93 
62.58 
64.51 
69.81 
72.09 
74.37 


Cirrhotic 
Cirrhotic 
Cirrhotic 
Cirrhotic 
Cirrhotic 
Cirrhotic 
Convalescent 
Convalescent 
Convalescent 
Normal 
Convalescent 
Normal 
Convalescent 
Normal 
Normal 
Normal 


Normal | 
| 


| 


esses 
OOD 


Unt 
oo 


° 


* Coefficient of correlation r = +0.488, p<0.0S. 


areas under the curves. However, as might be 
expected from the higher plasma concentrations at 
the start of the post-saturation test, the maximum 
absolute values attained at the peak of the curves 
were significantly higher than before saturation. 

It is difficult to account for the smaller rise in 
plasma tocopherol in the post-saturation tolerance 
test, unless it is assumed that there was an upper 
limit of concentration which could not be exceeded. 
If there was such a ceiling it varied in different 
individuals, since the maximum values observed 
ranged from 1.27 to 3.75 mg. per cent (Table V), 
and could have been determined by several fac- 
tors, including the relative rates of tocopherol ab- 
sorption in the intestine and deposition in the 
tissues, the rate of excretion in the bile or urine, 
and possibly, the capacity of the plasma to trans- 
port tocopherol. 

The results of the tolerance tests must be re- 
garded as inconclusive with respect to the problem 
of whether the low plasma tocopherol levels found 
in cirrhosis are related to impaired absorption, 
or to unsaturated tissue stores dependent on other 
factors. 

Fecal excretion of tocopherol. To investigate 
the factor of absorption more directly, studies of 
fecal tocopherol excretion were undertaken. These 
revealed that the cirrhotics excreted less tocoph- 
erol than either the normal or convalescent con- 


trols, both during the control period and following 
the administration of tocopheryl acetate (Table 
VI). The convalescents also excreted less tocoph- 
erol than the normals, but the difference was not 
statistically significant, except during the control 
period. 

The amount of tocopherol excreted was roughly 
proportional to the intake (Table VI), but it is 
evident from the data in Table VII that the pro- 
portion excreted in the cirrhotic group was sig- 
nificantly lower than in the normal or convales- 
cent controls, both during the control period and 
during tocopherol administration. The convales- 
cents also excreted a smaller fraction of ingested 
tocopherol than the normal controls, but the differ- 
ence was not statistically significant, except in Pe- 
riod IV (Table VII). 

Immediately following the cessation of tocoph- 
erol administration there was a sharp fall in fecal 
tocopherol excretion, but it was still significantly 
greater in Period V than in Period I in all groups 
(Table VI), so that the ratios of excreted to in- 
gested tocopherol rose to unusually high levels 
(Table VII). In the succeeding period, however, 
the normal and convalescent subjects returned to 
their control levels, but the cirrhotics did not, so 
that in Period VI the proportion of ingested 
tocopherol excreted no longer differed in the three 
groups (Table VII). 
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Serum 
. : | mg. per cent mg. per cent mg. per cent am. per cent ; 
eS 0.38 0.21 6.82 1.71 
a 0.90 0.60 1.10 2.70 
0.44 | 0.16 1.58 2.20 
oS 045 | 0.28 2.72 2.39 
1.42 2 1.79 
0.54 1.48 
) 
| 
| 
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There appeared to be a significant relationship 
between the tocopherol content of the feces during 
the control period and its concentration in the 
plasma, but no correlations could be demonstrated 
between fecal tocopherol and the state of hepatic 
function or the results of the tocopherol tolerance 
tests (Table VIII). 

These findings strongly suggested that there 
was no impairment of absorption in the cirrhotics, 
and that, actually, when large doses of tocopherol 
were ingested the proportion absorbed was even 
greater than in the normal or convalescent con- 
trols. However, the validity of estimating to- 
copherol absorption from the results of fecal anal- 
yses still had to be established. In particular it 
was necessary to exclude the presence of esteri- 
fied tocopherol in the feces, and to rule out the 
occurrence of significant destruction or synthesis 
of tocopherol in the intestinal tract. 

Fractionation of fecal tocopherol. No toco- 
pheryl esters could be demonstrated in the feces, 
either during the control period, or during periods 
of high tocopheryl acetate intake. Thus, 71 to 80 


TABLE IX 
Recovery of tocopherol in feces following saponification 
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Subject | Period | ‘State | on distil- | following saponifeation 
ingested lation 
per cent of 
amount found 
mg. mg. mg. on distillation 
Cirrhotic I 0 12.42 9.76 78.5 
Normal ] 0 69.81 | 50.57 72.4 
II 1,700 | 1,138.80 | 916.62 80.5 
Ill 1,800 | 1,115.92 | 807.53 72.4 
IV 500 429.51 | 321.44 74.8 
Vv 0 72.99} 53.40 
VI 0 65.79 | 47.03 71.5 
Normal I 0 48.62 | 36.02 74.1 
II 1,700 954.76 | 726.64 76.1 
Ill 1,800 | 1,150.12 | 877.31 76.3 
IV 500 354.45 | 259.90 i130 
V 0 58.19} 41.55 71.4 
IV 0 $5.30 | 40.43 73.1 


Recovery of dl-alpha-tocopheryl acetate added to 
100 gm. aliquots of feces 


Amount added Recovered following saponification 
meg. me. per cent 
10.00 7.21 72:4 
25.00 18.47 74.0 
50.00 37.00 74.0 

100.00 76.34 76.3 
386.40 77.2 
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TABLE X 


Stability of tocopheryl acetate and esterase activity in incubated 
jejunal contents* aspirated from a subject with intestinal 
obstruction; dl-alpha-tocopheryl acetate added in a con- 
centration of 2,000 mg. per 100 mil. (equivalent 
to 1,828 mg. per cent of free tocopherol) 


| of heryl 
tr of t« boot 
per cent of per cent of 
mg. free tocopherol| original |mg. free tocopherol| original 
recovered following| acetate recovered before acetate 
hours saponification recovered saponification hydrolysed 
1 1,689 92.4 50 yj 
2 1,683 92.1 165 9.0 
4 1,689 92.4 368 20.1 
8 1,677 91.7 646 35.3 
24 1,665 91.1 1,161 63.5 
48 1,653 90.4 1,347 tae 


*Original content of free tocopherol 0.24 mg. per cent. 


per cent of the original tocopherol found on dis- 
tillation was recovered following saponification of 
the feces, values which compared favorably with 
recoveries following saponification of pure dl- 
alpha-tocopherol added to feces (Table IX). 

Destruction of tocopherol in feces and intestinal 
contents. M. K., a female cirrhotic with a plasma 
tocopherol level of 0.80 mg. per cent, excreted 
443.23 mg. of tocopherol in a three-day period 
during which she ingested 1,800 mg. of dl-alpha- 
tocopheryl acetate. Following incubation of the 
feces in a fine watery suspension at 37° C. for 24 
hours, there was no loss of tocopherol, 454.62 mg. 
being recovered. 

The contents of the lower jejunum were aspi- 
rated in N. R., a middle-aged negress with com- 
plete intestinal obstruction, who had no food 
by mouth and who had been maintained on 
tocopherol-free parenteral fluids for a period of 
two weeks. The fluid had a pH of 6.5 and con- 
tained 0.24 mg. per cent of tocopherol. Follow- 
ing incubation at 37° C. for 24 hours the concen- 
tration fell insignificantly to 0.22 mg. per cent. 
When dl-alpha-tocopheryl acetate was added at a 
concentration of 2.0 gm. per cent, the ester was 
promptly broken down to free tocopherol, but 
there was no significant loss of tocopherol even 
after 48 hours of incubation (Table X). 

The stability of tocopherol and its esters in in- 
cubated feces and jejunal fluid suggested that 
there was no significant destruction of tocopherol 
in the intestinal tract. Tocopherol synthesis was 
not excluded, but it could not have been a signifi- 
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cant factor in any of the experimental periods 
when there was a five- to 20-fold increase in fecal 
tocopherol following tocopherol administration. 
Moreover, there is no convincing evidence of 
tocopherol synthesis in experimental animals. 
Pindborg (13) reported that synthesis occurred 
in rats, but his animals were on a stock diet and 
the more likely possibility, that the tocopherol 
found in the feces represented an unabsorbed frac- 
tion of ingested tocopherol, was not considered. 

Urinary excretion of tocopherol. The amount 
of tocopherol found in the urine was insignificant, 
even following the administration of large doses 
of tocopherol. Thus, L. B., a convalescent con- 
trol, excreted a total of 0.40 mg. per day while on 
a normal diet, and 0.26 mg. following the inges- 
tion of 1200 mg. of dl-alpha-tocopheryl acetate. 
Similarly, a cirrhotic, A. S., excreted 0.93 mg. 
per day during the control period and 0.56 mg. 
following the administration of a similar dose of 
tocopheryl acetate. 

It was concluded that these negligible losses in 
the urine had no influence on the concentration 
of tocopherol in the plasma or feces, or on the 
results of the saturation and tolerance tests. 


COMMENT 


It is highly probable that low concentrations of 
tocopherol in the plasma are indicative of a simi- 


lar decrease in the tissues. The sustained rise in 
the plasma level of cirrhotics following saturat- 
ing doses of tocopherol (Table IIT), and the low 
concentrations of tocopherol found in cirrhotic 
liver tissue (2) are confirmatory evidence of such 
a relationship. The failure of saturating doses of 
tocopherol to produce a similar rise in plasma con- 
centration in convalescents appears to be incon- 
sistent, but the marked difference between the 
amounts of tocopherol absorbed by convalescents 
and cirrhotics during the saturation test (Tables 
VI and VII) probzbly accounts for this dis- 
crepancy. 

The possible causes for tocopherol depletion in 
cirrhosis to be considered include impairment of 
absorption, increased utilization or destruction in 
the tissues and a decreased dietary intake of 
tocopherol. 

The data on fecal excretion provide convincing 
evidence that there is no impairment of tocopherol 
absorption in cirrhosis, and the observation that 
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continuous tocopherol administration produces as 
great an increase in plasma concentration in cir- 
rhotics as in normal subjects (Table III) is con- 
firmatory. 

The validity of estimating tocopherol absorp- 
tion from balance studies, based on measurements 
of intake and fecal excretion, rests on two assump- 
tions, thet there is no significant loss of tocopherol 
by excretion in the urine or by destruction in the 
intestinal tract, and that there is no significant 
enteric synthesis of tocopherol. The evidence 
presented satisfactorily excludes significant losses 
of tocopherol in the urine, but the results of the 
in vitro incubation experiments to rule out tocoph- 
erol destruction in the intestinal tract, while sug- 
gestive, are by no means conclusive and still need 
confirmation. The possibility that tocopherol is 
synthesized in the intestinal tract has not been 
ruled out, but appears unlikely. The only con- 
tradictory evidence (13) is not convincing and 
has not been confirmed. However, even if to- 
copherol synthesis should prove to be a significant 
factor, it is unlikely that it introduced any serious 
errors in the present balance experiments, since 
fecal tocopherol excretion was increased five- to 
20-fold over the basal level during periods of to- 
copherol administration (Table VI). 

The curious observation that cirrhotics appar- 
ently absorb a larger fraction of administered 
tocopherol than normal subjects (Table VII) 
warrants careful consideration. Conceivably the 
amount of tocopherol absorbed might be deter- 
mined by its concentration in the plasma and tis- 
sues, as in the case of iron. However, this ap- 
pears unlikely in view of the fact that a similar 
increase in tocopherol absorption is not seen in 
convalescent controls with equally low plasma 
concentrations (Table VII). A more likely pos- 
sibility to be considered is that a significant frac- 
tion of the tocopherol absorbed is re-excreted via 
the biliary tract, and that under conditions of im- 
paired hepatic function there is retention of this 
fraction to a greater or lesser extent. Most of the 
observed facts are compatible with this interpre- 
tation. These include the smaller fecal excretion 
of tocopherol in cirrhotics than in normal or con- 
valescent controls, the greater effect of saturating 
doses of tocopherol on the plasma level in cir- 
rhotics than in convalescents with similarly de- 
pleted tissue stores, the unusually large amount 


q 
— 
Pha 
by 1 


ABSORPTION 


of tocopherol excreted immediately following satu- 
ration in all groups (Period V, Tables VI and 
VII) and the persistence of this increased excre- 
tion for a longer period in cirrhotics than in nor- 
mals or convalescents (Period VI, Tables VI and 
VII). Only the tendency toward flat plasma 
curves following a single test dose of tocopherol in 
cirrhosis appears to be inconsistent with the hy- 
pothesis of normal intestinal absorption and im- 
paired biliary excretion of tocopherol. However, 
it is possible that this trend merely indicates a 
slower rate of absorption in cirrhosis, as sug- 
gested by the fact that the areas under the toler- 
ance curves are normal, or a more rapid diver- 
sion of tocopherol from the plasma to relatively 
unsaturated tissues, as suggested by the more nor- 
mal curves following saturation. 

A preliminary investigation of the biliary ex- 
cretion of tocopherol was carried out in four sub- 
jects with T-tube drainage of the common bile 
duct, to obtain more direct evidence of the re- 
excretion of absorbed tocopherol. It was found 
that the concentration of tocopherol in bile was of 
the same order of magnitude as in plasma, that 
the two concentrations varied independently, and 
that there was no increase in the bile concentra- 
tion following the administration of large doses of 
tocopherol. These findings are consistent with 
the concept that a fraction of the tocopherol ab- 
sorbed in the intestinal tract is re-excreted in 
the bile. However, it is not certain that the failure 
of tne biliary concentration to rise following to- 
copherol administration was due to abnormal re- 
tention related to liver damage, since it was not 
possible to repeat this experiment in a normal 
subject. 

The possibility that the low plasma tocopherol 
levels in cirrhosis are related to an increased rate 
of utilization or destruction of tocopherol appears 
unlikely in view of the sustained rise in the plasma 
level which follows saturating doses of tocopherol, 
and the lack of any correlation between the plasma 
level and the degree of hepatic dysfunction. On 
the other hand, these observations, and others, 
are compatible with the hypothesis that the low 
plasma tocopherol levels in cirrhosis are indicative 
of depleted tissue stores related to a decreased 
dietary intake of tocopherol. Certainly signs of 
other nutritional deficiencies are frequently ob- 
served in cirrhosis, and it is reasonable to suppose 
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that tocopherol deficiency may also occur as a re- 
sult of the reduced intake of food which so often 
precedes and accompanies the development of this 
disease. Qualitative and quantitative differences 
in the diet could well account for the inconstancy 
of low plasma tocopherol levels in cirrhosis. Simi- 
larly the low levels found in some convalescents 
could be related to a reduced intake of food during 
a prolonged antecedent illness. 


SUM MARY 


1. The mean plasma tocopherol level was sig- 
nificantly lower in subjects with Laennec’s cir- 
rhosis than in normal healthy controls, but did 
not differ significantly from that of hospitalized, 
convalescent controls with no evidence of liver 
damage. Moreover, low values were not a con- 
stand finding in cirrhosis, and could not be cor- 
related with the degree of hepatic dysfunction pres- 
ent, suggesting that they were probably related to 
extrahepatic factors. 

2. Large doses of tocopherol, equivalent to the 
estimated normal total body content, administered 
over an eight-day period, raised the plasma to- 
copherol to equally high levels in cirrhotics, nor- 
mals and convalescent controls. However, fol- 
lowing cessation of tocopherol administration, 
only the cirrhotics exhibited a sustained increase 
in plasma tocopherol over the control level. These 
findings suggested that there was no impairment 
of tocopheroi absorption in cirrhosis and that low 
plasma levels were indicative of relatively un- 
saturated tissue stores. 

3. Suggestive evidence was presented to es- 
tablish the validity of estimating tocopherol ab- 
sorption from measurements of tocopherol intake 
and fecal excretion. On the basis of such bal- 
ance studies it was found that cirrhotics absorbed 
a higher proportion of administered tocopherol 
than either normal or convalescent controls, con- 
firming the previous suggestion that low plasma 
levels were not the result of impaired tocopherol 
absorption. Several possible explanations for the 
apparently greater absorption of tocopherol in 
cirrhotics than in the controls were considered, 
but the data presented did not warrant any defi- 
nite conclusions. 

4. Tocopherol tolerance tests, based on the 
plasma response to a single test dose of tocopherol, 


if 
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revealed that the cirrhotics tended to show curves 
that were lower than those of the controls, judg- 
ing from the maximum increase in concentration 
over the basal level. However, when the curves 
were compared on the basis of the mean rise in 
concentration, estimated from the areas under the 
curves, the three groups did not differ signifi- 
cantly. Following saturation of the tissues with 
large doses of tocopherol no differences could be 
discerned between the three groups. Parallel 


fecal excretion studies indicated that flat tolerance 
curves could not be interpreted as evidence of im- 


paired absorption. Other interpretations were 
considered, but it was not possible to reach any 
definite conclusions. 

5. On the basis of the evidence presented it is 
suggested that low plasma tocopherol levels in cir- 
rhosis are indicative of depleted tissue stores re- 
lated to a reduced dietary intake of tocopherol. 
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In 1925 Keith, Barrier and Whelan (1) noted 
that the diuretic potency of novasurol was in- 
creased when ammonium chloride was adminis- 
tered prior to the mercurial. This observation 
was subsequently extended to include potentia- 
tion of other mercurial diuretics by a variety of 
acidifying agents (2-5). Furthermore, potentia- 
tion has been shown to be synergistic for fluid loss 
induced by the combination exceeds the sum of 
the losses induced by the agents singly (2, 3, 5, 6). 
Potentiation has been variously ascribed to the 
following changes induced by the acidifying 
agents: increased acidity of the body fluids (2, 
4, 5), increased acidity of the urine (7) and al- 
tered anion pattern of the blood plasma (4, 8, 9). 
Experiments described below suggest that the lat- 
ter is the most significant factor and, possibly 
alone, can account for the observed increase in 
diuretic efficacy. 

METHODS 


All experiments were performed on two well trained 
female dogs, loosely restrained on a comfortable animal 
board. Creatinine for the measurement of glomerular 
filtration rate and para-aminohippurate for the measure- 
ment of minimum effective renal plasma flow were in- 
fused intravenously at a rate calculated to maintain plasma 
concentrations constant at optimum levels. _ The animals 
were fasted for 14 to 16 hours preceding an experiment, 
and 30 minutes prior to the start of the first collection 
period, 500 cc. of water were administered by stomach 
tube. After one or more control periods, salyrgan ? was 
given intravenously. Since mercury diuresis was super- 
imposed on water diuresis, little emphasis has been placed 
on urine flow. Rather diuretic efficacy has been assessed 
in terms of rates of excretion of sodium and chloride. 

Urine was collected under paraffin oil by an indwelling 
urethral catheter and the bladder was emptied by firm, 
gentle, suprapubic pressure. Aliquots for carbon dioxide 
and pH determinations were withdrawn without ex- 
posure to air. Blood samples were collected by an in- 


1 These studies were supported by grants from the Na- 
tional Heart Institute, National Institutes of Health and 
the Life Insurance Medical Research Fund. 

2 We wish to thank Winthrop-Stearns, Inc., for their 
generous supply of salyrgan. 
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dwelling needle in the femoral artery. That part of the 
sample to be used for pH and carbon dioxide determina- 
tions was drawn in an oiled syringe and handled anaer- 
obically. Measurements of blood and urine pH were made 
at room temperature with a Cambridge condenser type 
glass electrode and corrected to 38° by subtracting .01 
pH unit per degree difference in temperature. Bicar- 
bonate was calculated from the carbon dioxide content 
and pH using the Henderson-Hasselbalch equation. 
Carbon dioxide was determined by the method of Van 
Slyke and Sendroy (10), chloride by the Van Slyke and 
Hiller modification of Sendroy’s method (11), sodium and 
potassium on an internal standard flame photometer and 
creatinine (12) and para-aminohippurate (13) colori- 
metrically. 
RESULTS 


Three experiments on one dog are summarized 
in Table I. In each experiment 80 mg. of mer- 
cury as salyrgan were administered intravenously 
at zero time. The first experiment describes the 
more or less typical response of this animal to the 
mercurial diuretic alone and serves as a standard 
of reference with which the response under other 
conditions may be compared. In this experiment 
sodium excretion increased from 247 micro- 
equivalents per minute in the control period to 
744 microequivalents per minute some 60 to 80 
minutes after the diuretic; an increase of about 
500 microequivalents per minute. 

On the day preceding the second experiment 
10 gms. of ammonium chloride were given orally 
in divided doses. The inherent diuretic action of 
the salt was largely spent on the succeeding day, 
for the control rates of sodium excretion averaged 
but 48 microequivalents per minute.* However, 


8 The chloride ion, left after the ammonia has been 
converted into urea by the liver, is neutralized by base 
derived from bicarbonate and is partially excreted by 
the kidney as sodium chloride. This loss of sodium chlo- 
ride and its associated water we consider a consequence 
of the inherent diuretic action of ammonium chloride. 
It is relatively short-lived in comparison with the more 
prolonged disturbance in plasma anion pattern and pH 
occasioned by the salt. 


4 
A 
| 
i 
: 
i 
: 
| 
| 
== 


D. R. AXELROD AND R. F. PITTS 


TABLE I 


A comparison of the diuretic responses to salyrgan under conditions of normal acid base balance and acidosis 
induced by ingestion of ammonium chloride and by inhalation of 6.5 per cent carbon dioxide in air. Dog R 


Clearance Plasma concentration pH Rate of excretion 
Pant Na K | cl HCO, | Na | a | HCOs 
— Plasma | Urine 
mins cc. /min cc. /min. | milliEg./liter microEg./min. 
Salyrgan alone 
— 20-0 | 3.00 | 80.3 446 | 149 | 2.8 | 118 21.3 7.47 7.12 247 76.6 | 234 | 38.4 
0 80 mg. Hg as salyrgan 
0-20 3.80 | 80.7 477 148 | 117 21.1 7.44 7.43 362 | 55.9 326 | 48.6 
20-40 3.45 75.6 423 148 2.4 116 21.0 7.45 6.36 372 40.7 408 8.60 
40-60 4.70 68.4 414 148 2.4 115 19.6 7.47 5.81 580 42.9 566 2.60 
60-80 6.05 64.6 412 149 3.0 115 20.7 7.46 5.70 744 44.1 815 2.43 
80-100 4.65 $8.2 370 148 2.9 113 20.8 7.44 5.60 538 41.9 610 1.20 
100-120 | 3.15 53.7 383 147 2 113 20.5 7.46 Fe If 331 39.7 388 0.72 


| 


Salyrgan plus NH,Cl 


— 40-20 
— 20-0 


133 
83 


117 15.4 
115 


1.50 
1.05 


364 
344 


146 
144 


salyrgan 


80 mg. Hg as 


0-20 3.30 | 100.7 492 145 23 121 14.6 7.37 5.67 349 | 72.3 445 | 0.94 

a 20-40 11.40 86.5 405 145 2.8 120 14.7 7.40 5.49 | 1,510 | 67.2 1,631 2.01 
. 40-60 10.40 81.9 388 146 2.9 119 13.9 7.42 5.34 | 1,410} 64.5 | 1,575 1.31 
60-80 5.50 61.6 268 146 2.9 118 14.0 7.42 5.21 690 | 54.5 820 | 0.53 

80-100 3.10 54.8 236 150 2.8 121 14.9 7.41 A by 320 | 48.0 434 | 0.27 

100-120 3.00 54.3 227 151 29 120 15.3 7.41 345 310 | 45.9 407 | 0.38 


yrgan plus CO; 


346 
328 


115 
114 


23.4 
25.3 


80 mg. Hg as salyrgan 


0-20 1.90 82.7 314 149 2.69 113 24.6 7.28 7.56 276 | 40.6 210 | 59.0 
20-40 4.60 94.3 312 150 2.80 116 23.8 7.30 6.12 689 | 47.5 723 8.46 
40-60 5.70 82.7 268 148 2.91 113 24.6 7.29 3:00 818 | 48.5 912 2.54 
60-80 4.75 77.6 261 149 2.91 111 25.2 7.29 5.40 700 | 52.3 801 1.60 
80-100 3.30 71.8 250 147 2.83 107 25.5 7.29 5.29 481 33:0 589 | 0.97 
100-120 2.80 67.1 242 150 2.90 110 25.5 7.32 5.26 378 | 53.5 486 | 0.77 


following salyrgan, the rate of sodium excretion 
increased to 1,510 microequivalents per minute. 
The absolute increase in rate of sodium excretion 
after salyrgan was nearly three times that ob- 
served in the control experiment. 

For 30 minutes preceding the third experi- 
ment and throughout its course as well, the animal 
inhaled 6.5 per cent carbon dioxide in air through 
a tight fitting respiratory mask and a two-way 


Douglas valve. Following salyrgan, sodium ex- 
cretion increased from a control level of roughly 
200 to a peak value of 800 microequivalents per 
minute. The extra sodium excretion thus 
amounted to some 600 microequivalents per min- 
ute, a value comparable with that observed in the 
control experiment, but far less than that observed 
in the ammonium chloride experiment. 

If one compares the values for plasma pH in 


172 

a 90.5 3.0 7.36 | 5.39 60 | 45.8 | 0.26 

0 

S| 

40-20 | 140 | 784 149 | 3.02 7.28 | 746 | 147] 318 | 126] 22.6 

~20-0 | | 148 | 2.87 | | | | 7.28 | 7.52 214 | 36.0 171 | 42.3 
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the three experiments, one may rule out any 
significant contribution of acidity of the body 
fluids to the enhancement of diuresis which fol- 
lows ammonium chloride. Thus plasma pH was 
considerably more depressed by the inhalation of 
carbon dioxide than by the ingestion af ammo- 
nium chloride. Similarly urine acidity does not 
correlate well with the magnitude of the diuretic 
response. It is true that urine pH was uniformly 
low in the ammonium chloride experiment. How- 
ever, if one compares only the two periods in each 
experiment in which maximal sodium loss oc- 
curred, no convincing correlation between acidity 
and sodium loss can be established. Thus values 
of 5.49 and 5.34 were noted in the ammonium 
chloride experiment, 5.53 and 5.40 in the carbon 
dioxide experiment, and 5.81 and 5.70 in the con- 
trol experiment. There remains as the factor of 
most probable significance * in explaining poten- 
tiation, the difference in anion pattern of the 
blood plasma. More specifically we feel that the 
absolute level of plasma chloride is the significant 


4 The greater filtration rate observed in the ammonium 
chloride experiment presented in Table I has not been a 
consistent finding. Although it must have contributed 
to the marked potentiation of the action of the mercurial 
diuretic in this experiment, it has not been observed in 
others in which significant potentiation occurred. 


factor. Thus ammonium chloride increased the 
plasma chloride level * and proportionally reduced 
the plasma bicarbonate concentration without 
significantly affecting total base or anion concen- 
tration. Marked potentiation resulted. Carbon 
dioxide inhalation on the other hand increased the 
bicarbonate level without significantly affecting 
the chloride level. No potentiation was evident. 
In our entire series of experiments, including 
those in which sodium bicarbonate was adminis- 
tered, the magnitude of the diuretic response to a 
standard dose of salyrgan correlated better with 
the plasma concentration of chloride than with any 
other factor. However, experimental conditions 
were such that plasma sodium concentration did 
not vary significantly. Hence the correlation in 
an inverse fashion was essentially as good with 
plasma bicarbonate. 

The results of 20 experiments on dogs R and 
T performed in a manner identical with those 
presented in Table I are plotted in Figures 1 to 4. 
Figures 1 and 2 relate the rate of excretion of 
sodium in microequivalents per minute to time 
before and after the intravenous administration 

5 This animal normally exhibited somewhat higher chlo- 


ride and lower bicarbonate concentrations in the plasma 
than does the average animal. 
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Fic. 1. A CoMPARISON OF THE RATES OF SODIUM EXCRETION UNDER A VARIETY OF 
CONDITIONS IN WHICH PLASMA ANION PATTERN HAS BEEN ALTERED 


The curve labeled Carbon Dioxide plus Salyrgan is the average of three experiments. 
Salyrgan Alone and Salyrgan plus Ammonium Chloride are each the average of two 
experiments. Each of the other curves represents one experiment. 
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40m 
Fic. 2. A CoMParRISON OF THE Rates oF SoprtuM EXCRETION UNDER A VARIETY OF 
CONDITIONS IN WHICH PLASMA ANION PATTERN HAS BEEN ALTERED 


The curve labeled Salyrgan Alone is the average of three experiments. Carbon Di- 
oxide plus Salyrgan and Ammonium Chloride plus Salyrgan are each the average of 
two experiments. Each of the other curves represents one experiment. 


of salyrgan. Each curve represents the average during the inhalation of 6 to 8 per cent carbon 
of one to three similar experiments on one dog, dioxide are identical within reasonable limits of 
the exact numbers being noted in the legends. experimental variability in Dog R (Figure 1). 
The responses to salyrgan alone and to salyrgan In Dog T (Figure 2), the increase in sodium ex- 
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Fic. 3. Evectroryte Excretion, PLrasmMa CONCENTRATIONS, GLOMERULAR 
FILTRATION RATE, AND RENAL PLASMA FLOW UNDER A VARIETY OF CONDITIONS 
IN WHICH PLASMA ANION PATTERN HAS BEEN ALTERED 

Each block represents total excretion during two hours in excess of the con- 
trol excretion. 
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cretion over and above the control level is ac- 
tually less during carbon dioxide inhalation, de- 
spite marked respiratory acidosis. 

In Dog R, the response to salyrgan following 
the administration of ammoniu 1 chloride is sig- 
nificantly greater than in control experiments and 
demonstrates a synergistic type of potentiation of 
the mercurial by the acidifying agent. In Dog 
T the synergism is less evident, yet if one con- 
siders the magnitude of the increase in sodium 
excretion over control rates, it is probably real. 

The curve designated NaHCO, plus salyrgan 
was derived from an experiment in which 15 gms. 
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as controls for the experiments in which salyrgan 
was given following ammonium chloride and dur- 
ing the inhalation of carbon dioxide. 

The data derived from these experiments are 
summarized in Figures 3 and 4 in such fashion 
as to permit a comparison of their significant 
points of difference. In the upper half of each 
figure are plotted the average values of renal 
plasma flow, glomerular filtration rate, plasma 
concentration of sodium, chloride and bicarbonate 
and plasma pH, noted during the two hours fol- 
lowing salyrgan. In the lower half of each figure 
are shown in block form the milliequivalents of 
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Fic. 4. ELectrotyte Excretion, PLASMA CONCENTRATIONS, GLOMERULAR 
FILTRATION RATE, AND RENAL PLASMA FLOW UNDER A VARIETY OF CONDI- 
TIONS IN WHICH PLASMA ANION PATTERN HAS BEEN ALTERED 


Each block represents total excretion during two hours in excess of the 


control excretion. 


of sodium bicarbonate per day were administered 
on the three days preceding the experiment and 
10 gms. on the day of the experiment. Most of 
the sodium excreted during the experiment was 
eliminated as bicarbonate, and the urine was quite 
alkaline. The plasma level of bicarbonate was 
elevated and that of chloride depressed. In this 
experiment and in others like it, salyrgan ex- 
hibited little or no diuretic activity, a fact which 
has been previously noted by other investigators 
(5, 14). The two curves designated NH,Cl 
alone and CO, alone were derived from experi- 
ments in which no mercury was given, and serve 


sodium, potassium, chloride and bicarbonate ex- 
creted during the two hours following salyrgan 
in excess of what would have been excreted had 
the control rate been maintained. If a block is 
above the base line, the rate of excretion of that 
ion was increased by salyrgan; if below the base 
line, the rate of excretion declined following the 
diuretic. This mode of expression more accu- 
rately describes synergistic potentiation of the 
diuretic action of salyrgan by ammonium chloride 
than does the peak rate of excretion presented in 
Figures 1 and 2. It likewise clearly demonstrates 
abolition of diuresis by the prior administration 
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of sodium bicarbonate. It is evident on inspec- alkalosis, a fact which renders difficult any as- 
tion of the upper part of the chart that of the sev- sessment of the significance of the acidity of urine. 
eral variables only two can be correlated with the As noted in the discussion of the three experi- 
greater diuretic response to salyrgan following ments presented in Table I, there is suggestive 
ammonium chloride, namely, reduced plasma bi- evidence that urinary pH is not a determining 
carbonate and increased plasma chloride concen- factor. 
trations. No causal relationship to increased More conclusive evidence for this view is pre- 
renal plasma flow and glomerular filtration rate sented in the two experiments outlined in Table 
nor to decreased plasma pH can be demonstrated. II. In these experiments acidosis was induced 
by the oral administration of ammonium chloride 
re on the day preceding the experiment. On the ex- 
Experiments presented above rule out acidity perimental day, the animal was anesthetized with 
of the plasma and interstitial fluid as a cause of _ chloralose (100 mg. per kg.). Saline contain- 
potentiation of mercurial diuretics by acidifying ing a small amount of neutral sodium phosphate 
salts. Thus inhalation of 6 to 8 per cent carbon was infused for 2% hours prior to and throughout 
dioxide, which induces a more severe acidosis the course of the experiment. After two control 
than does the ingestion of 10 gms. of ammonium _ periods 160 mg. of mercury as mercuhydrin were 
chloride, has no effect on salyrgan diuresis. administered intravenously. The high rate of in- 
The data are less conclusive with respect to the fusion of saline protects the animal against the 
relationship between urinary acidity and diuretic acute circulatory collapse which often follows 
efficacy of mercurials. There has been in this large doses of mercurial diuretics and also pro- 
series of experiments a marked lability of urinary duces a prolonged, sustained mercurial diuresis 
pH under all conditions other than those of am- (15). Phosphate was given to stabilize urine pH 
monium chloride acidosis and sodium bicarbonate and to avoid the disturbing fluctuations often ob- 


TABLE II 
The effect of an abrupt change in urinary pH during a mercurial diuresis on ion excretion 


Plasma 
concentration 


Plasma pH 


Rate of excretion 


Rate of excretion 
| cl Na| Cl | Na} Cl | co, Cl | 
| 


“| Plasma} Urine 
malls liter microE@./min. milliEg./liter microEg./min. 


7.28 5.84 | 410 6.38 158} 129} 17.2 7.32 5. 332} 335 7.45 
7.26 §.89 | 870} 730 156 | 130} 16.4 7.33 252 5.94 


160 mg. Hg as mercuhydrin mg. Hg as salyr; 


1511129 5.38 |1980 |2020 F 32 5.0: 720 
125 2990 |3110 t 6 5. 1720 

123 33 5.11 |2940 |3100 5- 3: 5.51 |2620 
5 2800 


Carbonic anhydrase inhibitor, 


a 105-120 


6.41 |1930 
| 6.95 | 895| 453 
6.96 | 740 302 


j 
- = — — = 
| | | | | 
cc./ 
—30-15 | 10.8 | 127 | 12.9 
—15-0 9.55} 149/127) 13.1 
| | | 
gan 
0-15 | 15.7 5.98 
15-30 | 15.4 772 62 
30-45 | 22.9 }1753| 1.73 
10 mg. ‘kg. Carbonic anhydrase inhibitor, 20 mg./kg. 
60-75 | 246 | 149 
75-90 3 | 149} 22.5 |162|136| 13.0 | 7.33 | 6.53 |3120/2990] 93.0 
90-105 | 18.3 | 151] 22.2 | 161] 135 6.61 |3080 |2910| 110 
108-120 | 17.3 20.4 | 164] 136} 13.7 | 7.28 | 6.52 |2780/2660| 72.8 
BAL, 1 ce. BAL, 1 cc. 
120-135 | 12.4 | 149 119 | 13.3 7.28 | 55.7 120-135 | 15.9 | 168} 137 6.50 |2040 }1907} 58.2 
135 180 | §.27 | 150 | 123 | 13.6 7.24 | 140 135-150 | 9.21 | 167/139] 13.0 7.24 | 6.76 | 900} 683} 75.8 
150-105 4.69 | 149) 123 | 13.0 | 7.24 150-165 | 9.57 | 170 | 142 6.82 | 834] 616] 85.6 


served when the urine is poorly buffered. Urine 
flow and sodium excretion rose rapidly to reach 
a plateau 30 to 40 minutes after the mercurial. 
A priming dose of the carbonic anhydrase inhibi- 
tor (2-acetylamino-1,3,4-thiadiazole-5-sulfonamide® 
[10 to 20 mg. per kg.]) was given intravenously 
to shift urine pH rapidly toward an alkaline re- 
action, and the inhibitor was also infused at a 
rate of 2 to 4 mg. per minute. Finally, 1 cc. of 
BAL was given intramuscularly to block the ac- 
tion of the mercurial diuretic. It is evident that 
a rapid change in urine pH in the absence of any 
significant change in the composition of the plasma 
was without effect on the action of the mercurial 
diuretic. Thus the peak urine flows and peak 
rates of excretion of sodium and chloride obtained 
after the mercurial were not depressed following 
the administration of the inhibitor despite a sig- 
nificant increase in urine pH. 

The inherent natriuretic action of the inhibitor 
is represented by the increased excretion of bicar- 
bonate. Blockage of exchange of hydrogen ion 
for sodium ion leads to increased excretion of 
sodium equivalent to the increased excretion of 
bicarbonate. It is evident from Table II that this 
quantity constitutes an insignificant fraction of 
total sodium excretion. BAL, which abolishes the 
mercurial natriuresis and chloruresis, returns the 
excretion of sodium and chloride toward control 
levels. There remains superimposed the inherent 
natriuretic action of the inhibitor. 

In all of our experiments the magnitude of the 

“6 We wish to thank American Cyanamid Company for 
their generous supply of the carbonic anhydrase inhibitor. 
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diuretic response to salyrgan appeared to be di- 
rectly related to the plasma chloride concentration 
and inversely related to the plasma bicarbonate 
concentration. Under the condition of our ex- 
periments, no significant relationship exists be- 
tween plasma sodium concentration and mercurial 
response. These facts are illustrated in Figures 5 
and 6 in which excess sodium excreted during the 
two hours after salyrgan is plotted against the 
average concentrations during the same period of 
plasma chloride and plasma sodium. Each point 
represents a single experiment such as those pre- 
sented in Table I. The coefficient of correlation 
for the 16 pairs of observations using the mean 
concentration values and the total excess excre- 
tion values after administration of salyrgan, shows 
the correlation between plasma chloride concen- 
tration and excess sodium excretion to be r= 


‘+ 70 (p= .0025). This is a statistically signifi- 


cant degree of correlation. The correlation be- 
tween plasma sodium concentration and excess 
sodium excretion is r= — .13 (p= > 6, <7). 
This is not significantly different from zero cor- 
relation. In general an increase in plasma chlo- 
ride induced by ammonium chloride was asso- 
ciated with an essentially equivalent reduction in 
plasma bicarbonate. It is, therefore, obvious that 
if sodium excretion is directly related to the 
plasma concentration of one of these anions, it 
must be inversely related to that of the other. 

We feel that the relationship to plasma chloride 
is the significant one, and that if mercury specifi- 
cally blocks one ion absorptive mechanism, that 
mechanism is the one for chloride absorption. In- 


177 

E 


178 D. 

excretion following mercurial 
diuretics is thus a more or less passive conse- 
quence of increased chloride elimination. This 
view is based on the following facts: (a) After 
salyrgan the excretion of chloride regularly ex- 
ceeds that of sodium. This can be seen in Table I 
and Figures 3 and 4 and has previously been 
noted by Blumgart and his co-workers (8, 16). 
Others (2, 4, 17) have correlated the efficacy of a 
mercurial diuretic with the plasma chloride con- 
centration. (b) Bicarbonate excretion is not in- 
creased in mercurial diuresis (cf. Figures 3 and 
4). Were reabsorption specifically 
blocked, one would anticipate that the excretion 
of both bicarbonate and chloride would be in- 
creased, rather than that of chloride alone. Fur- 
thermore, the plasma concentrations of chloride 
and bicarbonate reflect this discrepant loss of 
chloride. During the course of a mercurial diure- 
sis there is frequently a fall in plasma chloride and 
a rise in plasma bicarbonate with no change in 
plasma sodium concentration (Table I, [6, 8, 14, 
18]). 

Hypochloremia has been cited as one cause of 
resistance of patients to mercurial diuretics (14) ; 
others have not distinguished between hypo- 
chloremia and hyponatremia (2,9). Elevation of 
plasma chloride by administration of sodium chlo- 
ride or ammonium chloride has been shown to 
restore the response of such individuals to mer- 
cury (14, 17, 19). Our results are in agreement 
with such a view, and extend it by suggesting 
that potentiation of diuretic action by ammonium 


creased sodium 


sodium 


chloride is a consequence of the hyperchloremia 
induced. 


Although we have not studied other acidifying 
agents known to potentiate mercurial diuretics, 
we would anticipate that a similar explanation 
The action of 
calcium chloride would obviously parallel that of 
ammonium chloride for both substitute chloride 
for bicarbonate in the body fluids (20-22). Am- 
monium nitrate not only increases the plasma 


could account for their effects. 


concentration of nitrate, but to some degree causes 
the retention of chloride “at the expense of bi- 
carbonate” (3-5). 
sulfate produces the same effect (22). 


It is probable that ammonium 
Further- 
more, it has been shown that when the adminis- 
tration of nitrate causes a fall in plasma chloride, 
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mercurial diuresis is reduced (4). A single ex- 
planation could thus account for the action of 
these several acidifying agents, namely, elevation 
of plasma chloride level. Since the greatest in- 
crease in plasma chloride results from the inges- 
tion of ammonium chloride, it is not surprising 
that it is the most effective of the potentiating 
agents and the one which is commonly employed 
clinically. 


SUMMARY 


In experiments on normal dogs, it has been ob- 
served that the administration of 10 gms. of am- 
monium chloride on the day preceding salyrgan, 
significantly potentiates the action of the mercurial 
diuretic. This potentiation is not a result of in- 
creased acidity of the urine and body fluid in- 
duced by the acidifying agent. Rather it is a re- 
sult of an alteration in anion pattern of the body 
fluids, namely, a substitution of chloride for bi- 
carbonate. It is suggested that mercurial diuretics 
specifically block chloride absorption and that the 
potentiation of diuretic action by ammonium chlo- 
ride is a consequence of the hyperchloremia 
induced. 
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INTRODUCTION 


The fall in the serum levels of streptolysin S in- 
hibitor (SSI) which usually occurs during the 
acute phase of rheumatic fever (1, 2) suggested 
a disturbance of lipoprotein metabolism in this 
Previous studies indicated that the in- 
hibition of this streptococcal hemolysin by serum 


disease. 


is associated with alpha and beta lipoproteins 
rather than with specific antibody (2-5). Strep- 
tolysin S is inhibited by saline suspensions of 
phospholipids but not by cholesterol or neutral 
fats (6, 3). In addition, a large proportion of 
the SSI is destroyed by the action of Cl. welchii 
lecithinase on serum (3). It therefore seemed 
possible that variation in SSI might reflect a 
parallel variation of serum lipoproteins rich in 
phospholipid. 


The present study was undertaken to explore 
the relationship of serum levels of total phos- 
pholipid, lecithin and sphingomyelin to the SSI 
titer in the sera of patients with various diseases 
associated with disturbances in lipid metabolism, 
and in the sera of experimental animals with in- 
duced hyperlipemia. 


The observations reported 
below indicate that subnormal levels of SSI in 
the serum of human beings are associated with 
hypophospholipemia while elevation of SSI titer 
is encountered in diseases characterized by an in- 
creased concentration of serum phospholipids. 
The present study also indicates that an increase 
in SSI may be induced in animals rendered hyper- 
lipemic by various methods. 


1 Present address: Irvington House, Irvington-on-Hud- 
son, N. Y 


MATERIALS AND METHODS 


Clinical material: Sera were obtained from 44 patients 
with diseases usually associated with either marked ele- 
vation or depression of serum phospholipids. The former 
group included 12 patients suffering from either intrahepa- 
tic or extrahepatic biliary obstruction (seven with biliary 
cirrhosis; three with serum hepatitis; one with a com- 
mon duct calculus and one with carcinoma of the head 
of the pancreas) ; five patients manifesting the nephrotic 
syndrome; and three patients with hypothyroidism. The 
group of diseases associated with hypolipemia included 
seven patients with acute rheumatic fever ; five with hyper- 
thyroidism; three with fever of undetermined etiology ; 
two with chronic lymphocytic leukemia; and one case of 
each of the following conditions: disseminated lupus ery- 
thematosus, scleroderma, subacute bacterial endocarditis, 
tuberculous pleurisy, carcinoma of the thyroid, ulcerative 
colitis and diffuse bronchiectasis. 

Serial bleedings were obtained from several patients 
in an attempt to demonstrate a progressive rise or fall in 
phospholipid levels during the course of the disease. 

Preservation of sera: Sera obtained from patients and 
from animals were stored at — 20° C. Storage at 4° C. 
was employed only in irstances where titrations and 
chemical determinations were carried out within 48 hours 
after blood had been drawn. This precaution was taken 
because sera stored at 4° C. for longer periods of time 
may show a progressive rise in SSI titer (3). 

Titrations and chemical determinations: Titration of 
streptolysin S inhibitor was performed by the method of 
Stollerman and Bernheimer (2). Lipid phosphorus was 
determined by the method of Fiske and SubbaRow (7) 
with minor modifications. Phospholipid levels are re- 
ported as milligrams of total phospholipid per 100 ml. and 
were calculated by multiplying the value for lipid phos- 
phorus by 25. Serum phospholipids were partitioned for 
the determination of lecithin and sphingomyelin by the 
method of Appleton and associates (8). Lecithin and 
sphingomyelin are expressed as milligrams per 100 ml. 
and were calculated by multiplying the choline chloride 
content of the respective fractions by the factor 5.7. Total 
and free cholesterol were determined by the method of 
Schoenheimer and Sperry (9). 
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Methods for inducing hyperlipemia in rabbits and mice: 
An elevation of serum phospholipids in rabbits was pro- 
duced by three different methods: 

a) Six rabbits weighing between 1.5 and 2.5 kg. were 
injected intravenously with the nonionic surface-active 
agent, Triton A-20 as described by Kellner, Correll, and 
Ladd (10). Commercial Triton A-20 is a 25% aqueous 
solution of Triton WR 1339, an alkyl aryl polyether al- 
cohol.2 A 12.5% solution (Triton A-20 diluted with 
equal parts of isotonic saline) of this detergent was ad- 
ministered in doses of 1.25 ml. per kg. three times weekly 
for nine weeks. The rabbits were maintained on a regu- 
lar diet of Purina rabbit pellets. 

b) Ligation of the common bile duct at its entrance 
into the duodenum was performed under nembutal anes- 
thesia in six rabbits. The animals were bled at approxi- 
mately weekly intervals thereafter during their survival. 

c) Five rabbits were fed cholesterol over a period of 
two months. Cholesterol was dissolved in ether, mixed 
with Purina rabbit pellets and ether allowed to evaporate. 
Cholesterol was consumed at the rate of approximately 
19 Gm. per rabbit per week and the animals gained 
weight steadily throughout the experiment. 

Elevation of serum phospholipids in Swiss mice weigh- 
ing 18-20 Gm. (CFW and Davis and Nagler strains) 
was induced by intraperitoneal injections of Triton A-20 
diluted with equal parts of saline. One tenth ml. was 
administered three times weekly during the first week and 
the dose increased to 0.2 ml. thrice weekly thereafter for 
four weeks. Groups of ten mice were bled from the heart 
at intervals during the experiment and serum samples of 


2 Kindly supplied by Dr. Aaron Kellner and by Rohm 
& Haas Co. 


each group were pooled for analysis of SSI, phospho- 
lipid and cholesterol levels. The mice were maintained 
on a diet of Purina Laboratory chow and gained weight 
steadily during the experiment. 


RESULTS 


The relationship of phospholipid levels to SSI in 
the sera of patients with disturbance of 
lipid metabolism 


Fifty-eight sera obtained from 44 patients were 
analyzed for SSI and total phospholipid concen- 
trations. Fifty of these sera were further ana- 
lyzed for lecithin and sphingomyelin levels. The 
sera were grouped according to their SSI values. 
Table I shows the mean concentration and the 
range of values for serum phospholipids at vary- 
ing levels of SSI. 

In general, there appears to be a positive cor- 
relation between the concentration of serum phos- 
pholipids and the SSI titer. This relationship is 
best illustrated by the lecithin fraction. It can 
be noted, however, that the inhibition of streptoly- 
sin S by serum is not a simple function of lecithin 
concentration. At very low levels of serum leci- 
thin the SSI titer falls abruptly while at high leci- 
thin concentrations the rise in SSI tends to level 
off. It also appears that at normal levels of SSI 
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TABLE I 
Concentrations of total phospholipid, lecithin and sphingomyelin in human sera at various levels of streptolysin S inhibition 


Total phospholipid (mg.%) 


Lecithin (mg.%) 


Sphingomyelin (mg.% 


Mean | Range | No. of sera Mean 


176 | 166-209 | 
| 127-209 

| 125-264 | 
| 179-365 | 


186-425 
302-618 
361-700 
§10-625 
§20-740 


No. of sera No. of sera 


470-642 


there is a rather wide range of lecithin values 
(Figure 1). 

The normal SSI titer in human serum varies 
between 10 and 20 units per ml. with a mean 
value of 14.5 (2). 
by the method employed range between 128 and 


Normal serum lecithin values 


219 mg. per 100 ml. Twenty-one of 22 sera with 
SSI values of 10 units or less contained lecithin 
in concentration below 160 mg. %. The remain- 


ing sample of this group contained 10 units of SSI 


and 191 mg. % of lecithin. All 14 sera with SSI 
values of 20 units or higher contained lecithin in 
concentrations greater than 219 mg. %, the up- 
per limit of normal. 

The highest levels of SSI were found in two 
cases of biliary cirrhosis (50 and 62.5 units per 
ml., respectively). These patients also showed 
the highest concentrations of lecithin encountered 
(1075 and 1057 mg. %, respectively). Ten out 
of 12 patients with biliary obstruction had ele- 
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vated SSI titers and these were associated with 
serum lecithin values greater than 325 mg. per 
100 ml. Only one patient with biliary obstruc- 
tion and elevated serum phospholipids failed to 
manifest an abnormally high SSI. The remain- 
ing patient in this group with obstructive jaun- 
dice had a low SSI titer of 10 units per ml., and 
this was associated with a low serum lecithin 
value of 143 mg. per 100 ml. This patient had 
evidence of severe liver damage. 

Of the group manifesting nephrotic syndrome, 
four out of five patients showed a rise in SSI cor- 
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values below the normal and five of the eight had 
values of less than 128 mg. per 100 ml. 

One patient with rheumatic fever and one with 
serum hepatitis afforded the opportunity to fol- 
low contrasting changes in serum lecithin by serial 
bleedings during the course of their respective 
diseases. The patient with rheumatic fever showed 
low serum lecithin levels during the acute stage 
of the disease which gradually rose to normal as 
rheumatic activity subsided. This was accom- 
panied by a similar change in the SSI titer. The 
patient with serum hepatitis had a markedly ele- 
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responding with an abnormal elevation of serum 
lecithin. 

Seven patients with severe acute rheumatic 
fever showed SSI values of 10 units or lower. All 


seven had concentrations of serum lecithin below 
160 mg. per 100 ml. (the mean normal value) 
and in five of the seven the serum lecithin level 
fell below 128 mg. per 100 ml., the lower limit of 
normal. A group of eight patients suffering from 
miscellaneous diseases, in which SSI titers were 
also found to be low, all showed serum lecithin 
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vated serum lecithin level during the acute stage 
of jaundice. As the disease subsided, lecithin 
levels returned to normal. This was accom- 
panied by a parallel fall in SSI titer (Figure 2). 


The effects of induced hyperphospholipemia on 
the level of SSI in the serum of rabbits 
a) Following injections of Triton A-20: Re- 
peated intravenous injections of Triton A-20 were 
followed by a rise of both SSI and total phos- 
pholipid in the serum of four rabbits. The rise 
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in total phospholipid reached a peak after nine 
weeks (27 injections) in accordance with the 
phospholipid response previously described by 
Kellner, Correll, and Ladd (10). The level of 
SSI also rose progressively to a peak value of 50 
units at the height of hyperlipemia. A _ signifi- 
cant rise in SSI was not apparent, however, until 
phospholipid values had increased to several times 
normal levels. When injections of Triton A-20 
were discontinued, both total phospholipid and 
SSI levels returned to normal values and rose 
promptly again when injections were resumed 
(Figure 3). 

Triton A-20 was itself found to inhibit strepto- 
lysin S m vitro. However, when the detergent 
was added to serum this inhibition was not ap- 
parent until concentrations of Triton A-20 ex- 
ceeding 2% were reached. Although it is im- 
probable that such concentrations of Triton A-20 
were ever achieved in vivo with the dosage em- 
ployed, other methods for the elevation of serum 
phospholipid were also employed to obviate this 
possible objection to the significance of the above 
data. 

b) Following ligation of the common bile duct: 
The effect of ligation of the common bile duct on 
the concentrations of SSI and phospholipids of the 


serum of four rabbits was observed. Two of the 
rabbits developed marked hyperphospholipemia 
and this was associated with a comparable eleva- 
tion of SSI. The remaining two animals devel- 
oped only a mild rise in serum phospholipid and 
showed, correspondingly, but a slight increase in 
SSI (Figure 4). 

¢) Following cholesterol feeding: Feeding cho- 
lesterol to four rabbits was also followed by a rise 
in SSI and serum phospholipids (Table II). As 
with the above methods of inducing hyperphos- 
pholipemia, the titer of SSI followed variation in 
phospholipid concentration. Determination of free 
and total cholesterol was also performed on these 
sera since it has been observed that there is an in- 
crease in the ratio of serum cholesterol to phospho- 
lipid in rabbits fed cholesterol, while in rabbits re- 
ceiving Triton A-20 this ratio may be reversed 
(10, 11). Despite the great increase in serum 
cholesterol observed in these rabbits, the SSI titer 
was no greater than that found in Triton A-20 
treated rabbits at comparable concentrations of 
serum phospholipid. Therefore it appears that 
cholesterol levels have little direct influence on the 
concentration of SSI, an observation which was 
expected, since saline suspensions of cholesterol 
fail to inhibit streptolysin S. 
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The effect of intraperitoneal injections on the con- 
centrations of SSI and phospholipid in the 
serum of mice 


Chol. (mg. %) 


Free 


A rise in serum phospholipid may be induced 
in mice, as well as in rabbits, by the administra- 
tion of Triton A-20 and here, too, hyperphospho- 
lipemia is associated with a rise in SSI titer (Table 
III). The mouse sera, like rabbit sera, became in- 
tensely milky as the blood lipids rose. The mice 
appeared healthy and gained weight during the 
administration of the detergent. 


Rabbit No. 436 


Phos. 


SSI 
(u./ml.) | (me. %) 


TABLE Ill 


SSI and phospholipid levels in the serum of mice following 
repeated intraperitoneal injections of Triton A-20 


Chol. (mg. %) 


Rabbit No. 433 


Phos. 


Date bledt SSI (s./ml.) 
0 1/4/51 25 182 
15 2/7/51 40 

3/2/51 62.5 2,000 


Phospholipid 
(mg. % 


SSI 
(u./ml.) | (mg. %) 


Total 


* Triton A-20 injected as a 12}$% solution of Triton 
WR 1339 in volumes of 0.2 ml. intraperitoneally three 
times weekly. 

¢ On the indicated dates 10 mice were sacrificed by 
bleeding from the heart, the blood samples pooled and 
determinations of SSI and phospholipid performed on the 
serum thus obtained. 


Chol. (mg. %) 


Free 


%) 


Phos. 


Rabbit No. 431 
SSI 
(u./ml.) | (me. 


DISCUSSION 


It is apparent that variations in the titer of SSI 
reflect, in general, similar variations in serum phos- 
pholipid concentration. The subnormal levels of 
SSI encountered in rheumatic fever, and in cer- 
tain other diseases, are indicative of hypophospho- 
lipemia. Conversely, elevations in SSI above nor- 
mal levels have been found only in hyperphospho- 
lipemic sera. 

A considerable range of phospholipid concen- 
tration may, however, occur at any given titer of 
SSI and at very high serum concentrations of 
phospholipid the increase in SSI tends to level 
off (Figure 1). This indicates that the inhibition 
of streptolysin S by serum is not a simple function 
of phospholipid concentration. Since the phospho- 
lipids of serum probably exist as components of 
lipoprotein molecules (12, 13), it is possible that 
the SSI titer is affected by variations in the physi- 
co-chemical composition of these proteins which 
occur in hyperlipemic states (13). 

The significance of the fall in serum phospho- 
lipid which occurs in rheumatic fever is not un- 
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derstood. The concentration of serum cholesterol 
has also been observed to fall during the acute 
phase of this disease (14), and to be lower in pa- 
tients with rheumatic heart disease than in pa- 
tients with hypertensive or arteriosclerotic heart 
disease (15). Both lipids decrease in concentra- 
tion in the serum of patients with a variety of 
acute and chronic infectious diseases (16, 17). It 
has been suggested that the fall in the concentra- 
tion of serum lipids is not a feature of a particular 
disease process but rather a non-specific metabolic 
disturbance common to debilitation and malnutri- 
tion (18). While this view appears reasonable, 
it has not yet been demonstrated that the hypo- 
lipemia of infectious diseases is induced by either 
hyperpyrexia or dietary deficiency alone (15). 

The behavior of lipoproteins in hypolipemic 
states has not yet been adequately studied. 
Whether the newer methods for the separation 
and analysis of alpha and beta lipoproteins (12, 
19, 20) will reveal specific differences in the com- 
position of these proteins during hypolipemia re- 
mains to be determined. 

The non-antigenic properties of streptolysin S 
have not heretofore provided the opportunity to 


study the pathogenicity of this toxin during strep- 
tococcal infections by classical antibody protection 
The induction of hyperlipemia in 
rabbits and mice affords a method of increasing 
SSI in these animals and thus potentially offers a 
unique opportunity to evaluate the role that a nor- 
mal inhibitor may play as a host defense against 


techniques. 


a bacterial toxin. The increase in SSI titer is, 
however, clearly not of the magnitude usually en- 
countered with the appearance of specific anti- 
bodies in serum. Studies are in progress to de- 
termine whether hyperlipemic animals develop in- 
creased resistance to the toxic effects of streptoly- 
sin S and to streptococcal infection. 


SUMMARY 


1. Variations in streptolysin S inhibitor titer 
are associated with similar variations in the phos- 
pholipid content of human sera. 

2. Elevated serum levels of SSI are found only 
in diseases associated with hyperphospholipemia. 
Conversely, a fall in SSI titer occurs in acute rheu- 
matic fever and other diseases when serum phos- 
pholipids fall below normal levels. 

3. The induction of hyperphospholipemia in rab- 
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bits by repeated intravenous injections of the non- 
ionic detergent, Triton A-20, by ligation of the 
common bile duct, and by feeding cholesterol re- 
sults in an elevation of SSI titer. The SSI titer 
in mice may also be elevated by repeated intra- 
peritoneal injections of Triton A-20. 
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INTRODUCTION 


In anemia the oxygen-carrying capacity of the 
blood is reduced but it is generally believed that 
the resting arterial oxygen saturation is normal 
(1-5). Because of the characteristics of the 
oxyhemoglobin dissociation curve, an appreciable 
degree of reduction in arterial oxygen tension be- 
low the normal level might be present and not be 
detected by measuring the per cent of arterial 
oxygen saturation from oxygen contents of ar- 
terial and saturated bloods. Within recent years 
more sensitive techniques have been developed 
for measuring arterial pO,. It is possible to 
measure the arterial oxygen tension directly and 
to estimate the difference between this and the 
alveolar oxygen tension, the so-called alveolar- 
arterial oxygen tension gradient (6, 7). . The 
demonstration that breathing under certain con- 
ditions is significantly influenced by changes in 
oxygen tension which are difficult to estimate by 
the older methods of measuring per cent arterial 
oxygen saturation has stimulated our interest in 
the influence of arterial oxygenation on respira- 
tion in disease. The present report deals with the 
application of these more sensitive techniques to 
the problem of arterial oxygenation in anemia. 


METHODS 


Observations were made on 10 anemic (Hgb. 2.0 — 8.9 
grams %) and 11 control subjects (Hgb. 10.5— 14.9 
grams %). There was no evidence of pulmonary disease 
or congestive heart failure in any subject, as judged by 
history and by physical and roentgen examination. Five 
of the control subjects (K. W., V. P., S. V., G. S., and 
W. A.) were medical students; the remainder were hos- 
pital patients. 

Expired air was collected in Douglas bags. Several 
minutes were allowed to accustom the subject to the 
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respiratory apparatus, after which two collections of 
approximately three minutes each were made. The first 
of these served as a check to insure that minute volume 
and respiratory quotient were not fluctuating widely. 
During the second collection, arterial blood was slowly 
drawn over a one to two minute period through an inly- 
ing needle previously placed in the brachial artery. 
Where a reduced oxygen mixture was inspired (14.7% 
O:, 85.3% N:), the subject breathed this mixture for at 
least 15 minutes before the final air collection was begun. 
Procedures were carried out at an ambient temperature 
of 23 + 1.5° C. and a barometric pressure of 748 +5 mm. 
Hg. 

“Direct” blood O: and CO: tensions were measured by 
the method of Riley, Proemmel, and Franke (6), using 
some of the modifications suggested by Lambertsen and 
Bunce (8). The accuracy of this method in our hands 
was checked against blood which had been brought to 
known gas tensions by equilibration in a tonometer at 
37° C. There were 10 such samples, with hemoglobin 
contents ranging from 2.0 to 15.0 grams %, CO: ten- 
sions from 34 to 82 mm. Hg, and O: tensions from 55 to 
106 mm. Hg. The mean deviations of measured tensions 
from actual tensions were, for CO:, — 1.8+0.9 mm. Hg 
(S.D.+2.8 mm. Hg); and, for O:, 0.2+0.7 mm. Hg 
(S.D.+23 mm. Hg). “Indirect” CO. tensions were 
also measured in all subjects by methods previously de- 
scribed (9). The mean “indirect” CO. tension exceeded 
the “direct” tension by 13+0.9 mm. Hg. (S.D.+ 4.5 
mm. Hg). The blood CO; tensions reported in Tables I 
and II represent an average between “direct” and “indirect” 
determinations. Arterial blood oxygen saturation was 
determined by a spectrophotometric method (10). “In- 
direct” O: tensions, obtained by referring per cent satura- 
tion values to standard oxyhemoglobin dissociation curves, 
agreed quite satisfactorily with “direct” O2 tensions in 
subjects breathing low oxygen mixtures (mean algebraic 
difference, “direct” minus “indirect” pO2: —1.0 mm. 
Hg; mean absolute difference: 5 mm. Hg). 

“Ideal” alveolar air was determined by the graphic 
method of Riley and Cournand (7). Alveolar O, tensions 
by this method agreed quite closely with tensions calcu- 
lated by the “alveolar” equation (11) during the breath- 
ing of both air and the reduced oxygen mixture in all 
cases, and no substantial difference would result, in these 
subjects, from the use of the latter expression instead of 
the former. 


RESULTS 


The pertinent data from the control group are 
presented in Table I and that from the group of 
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TABLE I 
Alveolar and arterial gas tensions in control subjects 


“Ideal” Alveolar- 
al Arterial | Arterial | arterial 
Subject Hgb. COs Ors 
(Gms. | tension tension 
mm. Hg) | (mm. Hg) | gradient 
(mm. He) (mm. He) 
K. W., 23 M 13.6 98.2 104.0 38.9 —-5.8 
13.7 98.6 98.0 39.0 0.6 
D. C., 47M 13.8 89.2 95.0 43.6 —5.8 
S. H., $7 F 11.4 104.1 95.1 32.4 9.0 
S. V., 23 M 13.7 99.6 98.7 41.1 0.9 
G.S., 23 M 12.8 100.1 96.3 42.9 38 
W.A., 25M 12.6 104.8 97.5 35.0 7.3 
P. D., 42 F 13.9 100.0 98.0 39.4 2.0 
A 39M 13.9 104.0 94.7 35.2 93 
. P.. $3 M 11.7 92.0 76.7 38.8 15.3 
L. G., 62 F 10.5 90.3 81.0 48.2 9.3 
Mean [12.9 + 0.4/98.3 + 1.7/94.1 + 2.4)39.5 + 1.3) 4.2 +2.0 


anemic subjects in Table II. The mean difference 
between alveolar and arterial oxygen tensions 
(A-A gradient) is 4.2+2.0 mm. Hg for the 
control group and 20.5+4.6 mm. Hg for the 
anemic group. The difference is quite significant 
(p< .01). The alveolar oxygen tension is 
slightly higher and the CO, tension slightly lower 
in the anemic than in the control group, but the 
differences are not significant. A significant dif- 
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TABLE II 
Alveolar and arterial gas tensions in anemic subjects 


a 


ow Oa 


A-A pO, GRADIENT (mm Hg) 


w 


6 8 10 


Hgb. (grams %) 


Fic. 1. RELATION BETWEEN HEMOGLOBIN AND A-A pO: 
GRADIENT IN 21 SuBJEcTS 
A negative correlation exists (r= — .728). 


ference (p < .01) does exist, however, between 
the arterial oxygen tension of 94.1 + 2.4 mm. Hg 
in the control group and that of 82.1 + 2.6 mm. 
Hg in the anemic group. 


Hgb. 
(Gms. %) 


Subject Comment 


“Ideal” Alveolar- 
Arterial Arterial 
oll Or tension COs tension 
(mm. He) (mm. He) (mm. Hg) (mm, Hg) 


Air | Ale on Air Air Air | 

R, A. F Pernicious 

anemia 8.8 110.5 86.4 33.2 24.1 
Chronic 

blood loss 3.0 2.8 87.2 | 51.6 79.7 53.9 42.9 39.3 7.5 | —2.3 
Pernicious 

anemia 5 §.2 108.5 | 77.0 84.7 50.8 29.4 28.5 23.8 26.2 
E. H., 57 F Chronic 

blood loss 2.0 117.7 73.5 24.5 44.2 
SP 11 F Chronic 

blood loss 8.9 8.9 97.7 | 52.8 | 93.7 | 55.9 | 40.0 | 37.7 4.0 | —3.1 
W. P.,* 53 M Chronic 

blood loss 4.4 4.4 94.8 | 47.7 tice 48.2 42.7 42.5 17.6 | —0.5 
A. P., 48 M Multiple 

myeloma 5.0 95.6 82.1 45.4 13.5 
E. R., 62 F Chronic 

blood loss 7.0 7.4 110.5 | 59.8 | 78.0 | 58.8 | 30.1 31.0 | 32.5 1.0 
L. F Macrocytic 

anemia 8.5 8.7 96.4 | 54.5 95.3 58.5 44.0 41.8 15 —4.0 
S: T., OF Chronic 

blood loss 4.4 4.2 106.5 | 54.7 70.1 49.2 40.8 39.9 36.4 55 

Mean 


* Same patient as W. P. in Table I. 
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In Figure 1 the relation between A-A gradi- 
ent and hemoglobin concentration is plotted for 
all subjects of both groups. There is an apparent 
negative correlation between the two measure- 
ments which proves to be significant (r = — .728, 
p< .01). The figure indicates a fairly marked 
tendency for the gradient to scatter more as the 
hemoglobin concentration is reduced. 

In seven anemic subjects the A-A gradient was 
measured during the inhalation of 14.7% O,. In 
all cases but one there was a reduction of the 
gradient. The mean gradient on the low O, mix- 
ture was 3.3 + 4.0 mm. Hg. This is a significant 


decrease (p approximately .02). 

The occurrence of small negative gradients on 
the low O, mixture and in the control group on 
air is evidently owing to experimental error. 
Judged by the validation procedure described in 
the preceding section, the error is small, and it 
should apply equally to both anemic and control 


groups. 
DISCUSSION 


Despite equivalent alveolar ventilation, the ar- 
terial blood O, tension is significantly lower in the 
anemic than in the control groups, and the A-A 
gradient is significantly greater in the anemic 
group. There is some evidence which bears on 
the cause of this. Calculations based on princi- 
ples outlined by Bohr (12) indicate that anemia 
per se should not adversely affect the attainment 
of equilibrium between the oxygen tensions of 
alveolar air and pulmonary capillary blood. Lili- 
enthal, Riley, Proemmel, and Franke (13) have 
pointed out that inhalation of a low oxygen mix- 
ture will increase a gradient which depends 
upon impairment to oxygen diffusion across the 
alveolar-capillary “membrane,” and will decrease 
a gradient which depends upon admixture of 
venous blood with oxygenated blood. The effect 
of a low oxygen mixture in the anemic group sug- 
gests that the increased gradient in this case 
results from venous admixture, rather than im- 
pairment of alveolar-capillary diffusion, such as 
might be caused by pulmonary edema. 

Venous admixture to oxygenated blood may oc- 
cur through such channels as Thebesian veins and 
bronchial veins which connect with pulmonary 
veins, or may result from blood flow through 
imperfectly aerated regions of the lung (13, 14). 
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It also seems possible that some oxygen is lost 
from blood in the left ventricular cavity by dif- 
fusion across the endocardium into the left ven- 
tricular muscle. A very large difference in O, 
tension normally exists between arterial blood and 
heart muscle, and the O, tension of ventricular 
muscle is even lower than normal in anemia (15). 

In anemia the per cent oxygen saturation of 
mixed venous blood is usually decreased (16). 
The effect of venous admixture in lowering ar- 
terial oxygen tension becomes greater as the per 
cent oxygen saturation of the venous blood is re- 
duced. The question arises as to whether the in- 
creased A-A gradient of the anemic subject can 
be accounted for on the basis of admixture of a 
normal proportion of venous blood. Enough in- 
formation exists to allow an estimate. The per 
cent of venous admixture can be expressed as the 
ratio 74 = .. where X is the blood oxygen con- 
tent corresponding to the oxygen tension of alveo- 
lar air, A is the arterial content, and V is the 
venous content (7). In normal subjects V can 
be estimated by using an arbitrary A — V O, dif- 
ference of 4.3 vol. %, without much risk to the 
calculation. With the present anemic subjects, 
an A—V difference was assigned to each sub- 
ject according to hemoglobin concentration, us- 
ing a regression line calculated from the data of 
Brannon, Merrill, Warren, and Stead (16). For 
uniformity, oxygen contents of “pulmonary capil- 
lary blood” (“X”) and arterial blood were esti- 
mated from the corresponding oxygen tensions, 
using standard dissociation curves, and taking due 
account of the presence of dissolved oxygen. The 
result of these calculations in the anemic group is 
a mean venous admixture of 6.66 + 1.4% of the 
total cardiac output. This is in the same order of 
magnitude as the value of 4.2% found by Riley 
and Cournand for eight normal subjects, but is 
about three times the proportion found in our 
control group. The data on which the proportions 
of venous admixture are estimated are not suf- 
ficiently exact in this case to allow more than the 
conclusion that the A-A gradient of anemia can 
depend upon “venous admixture” in normal or 
near-normal quantities. 

If the per cent oxygen saturation of venous 
blood were still further reduced, the A-A gradient 
would be further increased. Himwich and Loebel 
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(2) found a decrease in the arterial blood oxygen 
saturation of three anemic subjects during exer- 
cise. The methods used were stated to be suscep- 
tible to considerable error in anemic subjects, but 
the present results provide inferential support for 
this finding. Such a fall in arterial oxygen ten- 
sion during exercise might contribute signifi- 
cantly to the exertional dyspnea which character- 
izes anemia (3, 8). It is not easy to account for 
this dyspnea on the basis of decrease in maximum 
breathing capacity or increase in breathing re- 
quirement by demonstrated stimuli acting along 
well-recognized pathways. The subject deserves 
further attention. 

It has been suggested that a deficiency of car- 
bonic anhydrase in anemic subjects might inter- 
fere with elimination of carbon dioxide in the 
lungs (3). In the present subjects, who were at 
rest, the arterial carbon dioxide tension was within 
the normal range, but the possibility remains that 
such an effect might become evident during exer- 
cise, when the rate of excretion of carbon dioxide 
is increased. 


SUMMARY AND CONCLUSIONS 


1. The arterial oxygen tension and alveolar- 
arterial oxygen tension gradient have been meas- 
ured in 10 anemic and 11 normal subjects. 

2. The anemic group had a significantly lower 
arterial oxygen tension and higher A-A gradient 
than the normal group. Taking all subjects to- 
gether, there was a significant negative correla- 
tion between hemoglobin concentration and A-A 
gradient. 

3. It appears possible to account for this effect 
on the basis of “venous admixture” in normal or 
near-normal quantities. 
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Present knowledge of protein synthesis and in- 
deed of intermediary metabolism in general stems 
from extensive work in many laboratories using a 
variety of species. Information concerning human 
intermediary metabolism has not kept pace with 
the experimental animal work for obvious reasons. 
Known species differences make it essential to 
study humans, either to corroborate the findings 
in experimental animals or to delineate the areas 
of difference. While recent reports (1, 2) have 
indicated that tracer doses of C'* compounds may 
be administered to humans with apparent safety, 
nevertheless their usefulness at the present time 
seems limited because of the unknown factors 
involved and the long half-life. 

The in vitro techniques with human tissue offer 


a means of obviating the radiation hazard and of 


exploiting the value of the C'* tool. Biochemical 
studies of surviving human tissues are few. There 
are reports on respiration of brain (3, 4) and skin 
(5), on the cytochrome oxidase system of a va- 
riety of normal and malignant tissues (6, 7), on the 
fate of testosterone in liver (8), and on the incor- 
poration of P*? into human leucocytes (9). Re- 
cently Tagnon, Schulman, Brunschwig and Lieber- 
man reported on the action of human liver slices 
on alpha-estradiol (10). 

It is the purpose of this report to show that bi- 
opsy samples of human liver are capable of being 
handled in the same manner as tissue from ex- 
perimental animals, and more specifically to pre- 
sent data on the incorporation of carboxy] C" 
labeled glycine into the protein by liver slices. 


MATERIAL AND METHODS 


Biopsies of the liver were obtained during laparotomies 
which were performed upon patients on the Surgical 
Service of the Multnomah County Hospital. An attempt 


1 This investigation was supported by a research grant 
from the National Cancer Institute, of the National In- 
stitutes of Health, Public Health Service. 


was made to obtain specimens from patients whose livers 
were presumed to be normal. A wedge of tissue, ap- 
proximately 1.0 gm., was removed and immediately 
placed into chilled buffer (0° C.). It was rapidly car- 
ried to the laboratory and sliced by hand with a razor 
blade, maintaining the temperature as close to 0° C. as 
possible. The slices were blotted with filter paper and 
weighed rapidly. Carboxyl labeled glycine? (0.33 mi- 
crocurie) and 2 cc. of buffer were added to 75-150 mg. 
of tissue in a 50 cc. glass-stoppered Erlenmeyer flask. 
The flasks were shaken for four hours at 37° C. in an 
atmosphere of 95% oxygen and 5% CO:. The incubation 
was terminated by precipitating the protein with boiling 
1 M. acetate (pH 4.5), and the flasks were placed in a 
boiling water bath for 10 minutes. The contents of the 
flasks were transferred to 12 cc. heavy-walled centrifuge 
tubes and the precipitated protein separated by centrifu- 
gation at 2,000-2,500 r.p.m. for three to five minutes. 
The residue was homogenized with 1 M. acetate in a 
Potter-Elvehjem glass homogenizer, and the precipitate 
again separated by centrifugation. The protein was 
washed six times with 8-10 cc. aliquots of cold 1 M. ace- 
tate in the centrifuge tube. Non-radioactive glycine was 
added to one of the washes to help remove unincorporated 
labeled glycine by dilution of the isotope. The proteis 
residue was then extracted two times with 3:1 alcohol- 
ether at temperature of 55° to 60° for three to five 
minutes and once with ether. The dried protein was sus- 
pended in 3:1 petroleum ether-acetone with the aid of 
the glass homogenizer and poured on an aluminum disc 
which was enclosed between the inverted upper half of a 
3.0 cm. diameter one-ounce jar and its screw top (11). 
The radioactivity was then counted after drying in air. As 
controls, tissues were precipitated in zero time in the 
presence of labeled glycine and otherwise treated as 
were the experimental samples. Such controls were per- 
formed in each experiment. Duplicate flasks were used 
for each set of conditions, although in later experiments 
a single zero time control was used. 

The buffers used were as follows: 1) 0.9% KCl and 
0.4% KHCOs saturated with 95% O:—5% CO., pH 7.5, 
and 2) Krebs-Henseleit buffer containing NaCl 0.72%, 
NaHCO; 0.25%, KH;PO, 0.10%, MgSO, —7 H,.0 0.06%, 
glucose 0.02%, Na citrate 0.03%, and CaCl, 0.03%. (The 
CaCl: is made up in a 1% solution and 0.3 cc. added to 
10 cc. of the remainder of the mixture just before using. 
Otherwise a precipitate forms on standing.) The solu- 


2Glycine, 0.5 millicurie per millimole, purchased from 
Tracerlab, Inc., Boston, Mass. 
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tion, prior to adding the calcium, was saturated with a mental observations. Microscopic evaluation of 
95% O;—5% CO, mixture. Aoregt) the tissue of all the patients was normal except for 
Radioactivity was expressed as specific activities, i.¢., J R. in whom fatty infiltration was present. Liver 

the counts per minute per milligram dry weight of pro- wiih P " 
function tests were not performed for the most part 


tein, after appropriate corrections for background and 
self-absorption, the latter being done by means of an em- Since liver disease was not suspected. Correlations 


pirical correction curve obtained under experimental con- of this type are planned for a future communica- 
ditions (12). All counts were made with a flow gas tion. J. R. and H. H. were the only patients who 
counter. Values are expressed as the means of duplicate were in poor nutritional condition, having lost ap- 


irs. 
” proximately 30 and 70 pounds, respectively, at the 
RESULTS 
time of surgery. 
Table I presents a summary of the clinical data, It was obviously impossible to control the dura- 


microscopic evaluation of biopsies, and the experi- tion of anaesthesia prior to the biopsy, so that this 


TABLE I 


Protein-—counts per minute per milligram 
Biopsy A B i D E F G 
Patient | Age Remarks microscopic 
Krebs Krebs Krebs. 
| | | Without’ | | Nitrogen | 
— calcium jmagnesium| Ca or Mg 
77 | Cholecystectomy, {| Normal 11.9 13.1 (0)* 
hydrops 
Cc. S. 61 | Ulcer, gastric resec- | Normal 7.0 
tion f 
H. J. | 54 | Ulcer, gastric resec- | Normal 8.0 8.1 (0) 
tion not done 
Jon 74 | Carcinoma of stom- | Fatty infil- 6.4 7.4 (0) { 
ach with meta- tration f 
stases 
A.G. | 43 | Ulcer, gastric resec- | Normal 30. 280 i 
tion 
R. S. 47 | Cholecystitis, cho- | Normal 166 73 (66) 13 (82) 
lecystectomy 
A. B. 48 | Ulcer, gastric resec- | Normal 630 | 250 (60) 23 (96) 
tion 
G. N. | 67 | Cholecystectomy, | Normal 703 | 480 (32) 203 (71) 
common duct ex- 
E. H. | 66 | Cholecystectomy, | Normal 455 | 236 (48) 50 (89) 
common duct ex- 
loration 
R. B. | 41. | Ulcer, gastric resec- | Mild sub- 613 | 206 (66) | 350 (43) | 165 (73) 38f (94) 
tion acute cho- 
langitis 
C.R. | 69 | Cholecystectomy, {Normal 498 138 (72) 
stones 
5. B. 62 |Common duct ex- | Normal 539 207 (60) 72t (87) 
ploration 
H.H. | 48 | Carcinoma of stom- | Normal 240 106 (66) 
ach, inoperable 
C.D. | 42 | Ulcer, gastric resec- | Normal 160 49 (69)| 65 (59) 
tion 
F..P. 42 | Cholecystectomy, Normal 396 38 (90) 
hydrops 
Zero time mean + S.E. 2.140.3 | 8.742.3 
Mean + S.E. 425458 | 249459| 170452 


* All figures in parentheses represent % inhibition. 
¢ Single observation. All others are averages of duplicates. 
Using as an example the patient C. R., the rate of incorporation of labeled glycine is calculated to be 7.3 * 10-*mM 
per gm. of protein per hour starting with a solution containing 6.65 X 10-* mM glycine and 95 mg. wet weight of liver 


slices. 
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TABLE II 


Number 

of paired 

observa- 
tions 

Difference between complete | 264 5 
buffer and buffer without 
calcium 

Difference between complete 235 
buffer and buffer without 
magnesium 

Difference between complete 350 | 
buffer and buffer without 

| 


Mean 
differ- 


ence* 


Paired experiments 


either calcium or 
magnesium 


* This is the mean of the five differences of paired specific 
activities, e.g, Column B minus Column C (Table I) for 
each of the five patients 


interval varied from 30 minutes after onset, to 
five hours (in the case of C. D.). All biopsies, ex- 
cept for C. D., were obtained within three hours 
irom the beginning of anaesthesia. 

The data presented show that there is a very 
significant uptake of the radioactive glycine into 
the liver protein, and that precipitating the protein 
at zero time in the presence of the radioactive gly- 
cine invariably yielded protein with negligible 
specific activities. It is apparent that the use of 
a complete Krebs-Henseleit buffer (Column B) 
resulted in maximum specific activities (160-703). 
The use of the KCI-KHCO, buffer (Column A), 
which had no added calcium, magnesium, citrate, 
or glucose, yielded protein with specific activities 
ranging from 7 to 30. Five pairs of observations 
comparing the full Krebs-Henseleit buffer with 
the same medium, except that calcium had been 
omitted (Columns B and C), revealed a consist- 
ently lower uptake with the latter solution, the dif- 
ference being significant, as shown in Table IT. 
It should be noted that these pairs of observations 
compare tissues from a given patient under the 
A similar, significant 
difference was found when magnesium sulfate was 
omitted from the buffer (Columns B and D). 
When both calcium and magnesium were omitted 
(Column E), the percentage inhibition seemed 
to be even greater, except in the case of C. D. 
This difference is not significant, however, prob- 
ably because of the fewer observations. A _ nitro- 
gen atmosphere had no evident depressing effect 
on the uptake when the KCI-KHCO, buffer was 
used, and a marked inhibiting effect in the presence 
of the more complete medium (Column F). Cy- 
anide (.005 M.) was an effective inhibitor (Col- 
umn G). 


two different conditions. 
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The figures presented are average values for 
duplicate pairs of observations for each set of ex- 
perimental conditions except as noted. The varia- 
tion of each observation from the mean of its pair 
of duplicates was less than 15% in 21 out of 30 
pairs, and less than 25% in 28 out of 32 pairs. 

Data similar to the above have also been obtained 
using sigmoid colon slices from surgical patients. 
The specific activities of the protein ranged from 
215 to 1,175 under the same experimental condi- 
tions. There was apparently the same difference 
in uptake with buffer variations except that the 
presence or absence of calcium seemed to have no 
effect. These observations will be presented in 
detail at a later date. 


DISCUSSION 


There have been numerous reports on studies 
of this type with tissues from experimental ani- 
mals (11, 13-16). Since the classic work of 
Schoenheimer (17) the lability of tissue protein 
and its existence in dynamic equilibrium with its 
component parts has become an accepted concept 
and the incorporation of labeled amino acids into 
protein of adult tissues is an accepted fact. With 
respect to the relationship between incorporation 


and protein synthesis there has been considerable 


discussion among biochemists (18). When an 
in vivo technique is used, there is little doubt that 
the level of incorporation is a measure of synthe- 
sis. When tissue slices and homogenates have been 
used, however, some doubt has been expressed as 
to the meaning of “incorporation.” However, the 
weight of existing evidence presented by Green- 
berg, Borsook, Tarver, Zamecnik, and others indi- 
cates that incorporation by tissues in the flask 
probably reflects protein synthesis. Indeed Pe- 
ters and Anfinsen have obtained from chicken liver 
slices a radioactive protein which behaved im- 
munologically and electrophoretically like serum 
albumin (19). 

Comparison of these data with other results in 
animals is difficult because of the different experi- 
mental conditions. In our laboratory rat liver 
slices yielded protein with a specific activity of 
2°O, using the complete Krebs-Henseleit buffer. 
This is certainly the same order of magnitude as 
the results with human liver, which was somewhat 
surprising in view of the report by Sprinson and 
Rittenberg that the turnover of tissue protein (as 
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measured by feeding N** labeled glycine) in the 
rat is five times that of man (20). Whereas under 
the conditions of the present experiments one 
specific activity is easily compared with another it 
must be pointed out that such a comparison does 
not apply to the specific activities reported by other 
investigators. In any given experiment the specific 
activity obtained depends upon the following vari- 
ables: 1) the specific activity of the amino acid 
added at the beginning of the experiment; 2) the 
number of hours incubated; 3) the weight of tis- 
sue and its protein concentration ; 4) the efficiency 
of the counting equipment (the flow-gas counter 
being three to four times more efficient than the 
Geiger end-window tube); 5) the concentration 
of various ions in the media; and 6) the concentra- 
tion of O, available. It might nevertheless be of 
interest to mention several comparative results. 
Winnick, Friedberg and Greenberg found a com- 
parable depression in uptake by insoluble particles 
of rat liver homogenate when calcium was omitted 
from the buffer, but when magnesium was omitted, 
the degree of inhibition was considerably less than 
in the current experiments (21). Borsook and 
his associates reported comparable data (22). 
Depression of the uptake by a nitrogen atmosphere 
is the universal finding with all animal tissues with 
the exception of the uptake of labeled lysine by 
whole homogenate of guinea pig liver (22). It 
is likely that nitrogen produced no depression in 
the experiments using the KCI-KHCO, buffer be- 
cause the system was already depressed by operat- 
ing under sub-optimal conditions. 

With the complete buffer the specific activities 
cluster symmetrically around the mean with a 
normal type distribution. It is conceivable that 
the specific activity obtained in C. D. might have 
been higher had the biopsy been taken earlier in 
the course of his surgery. The effect of the anaes- 
thesia and the duration thereof are unknown. 
The marked sensitivity to small amounts of added 
calcium and magnesium emphasizes the need for 
carefully defined conditions as a corollary of a 
“normal” figure. 

The incorporation of the labeled glycine into the 
protein has all the characteristics of an enzymatic 
reaction which may well be the process whereby 
the whole organism synthesizes protein. It is ob- 
viously an oxygen requiring reaction since it is al- 
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most entirely abolished by a nitrogen environment 
or cyanide. The requirements for added calcium 
and magnesium ions are striking, and one might 
infer that phosphorylation is a fundamental part 
of this mechanism of synthesis. Such data have 
been reported with experimental animal tissue, and 
the reports support the conclusion that the re- 
quirements include oxygen, adenosinetriphosphate 
(ATP), magnesium and calcium ions. ATP has 
been added to animal liver homogenates without 
significantly increasing the uptake of labeled amino 
acid. However, Winnick has demonstrated that 
particles of rat liver will not incorporate labeled 
glycine after dialysis unless ATP is added (23). 
Since some glycine is incorporated into protein 
with the KCI-KHCO, buffer, it is inferred that the 
concentration in the human liver slices of some of 
the components is too low for optimal incorpora- 
tion, and that this deficiency is easily overcome by 
adding the desirable components. 

Experimental evidence to date is quite convinc- 
ing that the liver synthesizes serum albumin from 
the constituent amino acids. This well accepted 
concept has been reinforced by the recent evidence 
of Tarver and Reinhardt that the hepatectomized 
dog incorporates practically no radioactive methio- 
nine into serum albumin (24). Low serum albu- 
min concentration is well correlated with advanced 
hepatic damage and a logical inference is that the 
liver is incapable of synthesizing albumin at a 
normal rate. The ability of the liver slice to in- 
corporate radioactive glycine into its protein is 
quite probably a reflection of the rate of protein 
synthesis. With this in mind one might expect 
to find reduced incorporation by pathological liver 
slices especially where serum albumin concentra- 
tion is below normal. Such experiments are cur- 
rently in progress. 


SUM MARY 


The incorporation of carboxyl C* labeled gly- 
cine into the protein of human liver slices has 
been studied. The specific activities of the protein. 
were higher when the tissue was incubated with 
Krebs-Henseleit buffer as compared to a KCI- 
KHCO, buffer. 

The reaction was inhibited by nitrogen, cyanide, 
and failure to add calcium or magnesium. 
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Simultaneous measurements of body water dis- 
tribution and total body electrolyte by the isotope 
dilution technique permit the calculation of total 
intracellular electrolyte and average intracellular 
electrolyte concentration. The application of this 
principle to the measurement of intracellular so- 
dium and potassium in the dog has been reported 
by Levitt and Gaudino (1). The purpose of this 
study is to provide comparable data on man. 


METHODS 


Total body water was determined by the volume of 
distribution of antipyrine,? corrected for metabolism, by the 
method of Soberman, Brodie, Levy, Axelrod, Hollander and 
Steele (2). In view of indirect evidence which suggests 
that antipyrine may not reach maximal distribution in 
two hours (3), we have preferred, for extrapolation to 
zero time in correction for metabolism, to use the plasma 
concentrations from three to seven or eight hours after 
injection. 

Extracellular fluid was measured by the maximal vol- 
ume of distribution of sucrose as determined by the cali- 
brated infusion technique (4). Intracellular water was 
calculated as the difference between the antipyrine and 
sucrose volumes of distribution. Cellular mass was cal- 
culated as the difference between body weight and the 
weight of the sucrose volume of distribution, and total 
body solid was calculated as the difference between body 
weight and the weight of the antipyrine volume of distri- 
bution. 

Total body sodium was determined by the dilution of 
Na™. The radioactive sodium was administered by a 
single injection from a calibrated syringe in an amount 
equal to 1.3 uc. per kg. of body weight. Radiation inci- 
dent to the administration of this amount of Na™ does 
not exceed the accepted tolerance dose of 0.1 r/day (5). 
A period of 24 hours was allowed for complete distribu- 


1 This study was supported by grants from the Atomic 
Energy Commission (AEC Contract AT [30-1]-1025) 
and the Commonwealth Fund. 

We are indebted to the Fourth (New York University 
Post-Graduate Medical School) Medical and Surgical 
Divisions of Bellevue Hospital for the privilege of study- 
ing patients on these services. 

2 The antipyrine used in these studies was supplied in 
ampoule form through the courtesy of Eli Lilly and Com- 
pany, Indianapolis 6, Indiana. 
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tion of the sodium isotope and during this interval all 
urine was collected. The plasma specific activity (counts/ 
min. per mEq. plasma sodium) at 24 and 25 hours was 
calculated from the counts/min. per cc. of plasma and 
the concentration of sodium in plasma (in mEq./cc.) as 
determined against an internal lithium standard with a 
Perkin-Elmer flame photometer. After application of 
the appropriate corrections for radioactive decay, total 
body sodium (in mEq.) was calculated from the differ- 
ence between the Na”™ injected and excreted, divided by 
the equilibrium specific activity of the Na™. Extracellular 
sodium was calculated as the product of plasma sodium 
concentration (mEq./liter) and extracellular fluid vol- 
ume (liters).3 Total intracellular sodium was calculated 
as the difference between total body sodium and extra- 
cellular sodium. Intracellular sodium is expressed as 
concentration per unit of intracellular water (mEq./ 
liter), per unit of cellular mass (mEq./kg.) or per unit 
of body solid (mEq./kg.). 

Total body potassium was determined by the dilution 
of K*. The radioactive potassium was administered by 
a single injection from a calibrated syringe in an amount 
equal to 1.9 wc. per kg. of boc y weight, a dose which does 
not produce radiation in excess of the accepted tolerance 
dose of 0.1 r/day (5). A satisfactory method for prepar- 
ing the radioactive potassium for injection has been de- 
scribed by Corsa, Olney, Steenburg, Ball and Moore (6). 
In accordance with the data of these investigators a period 
of 40 hours was allowed for maximum distribution of the 
radioactive potassium and during this interval all urine 
was collected. The specific activity of the plasma was 
taken as equal to that of the urine (in counts/min. per 
mEq. of potassium) which was determined on urine sam- 
ples collected at 36, 40 and 44 hours. Total body potas- 
sium was calculated from the difference between the K® 
injected and excreted, divided by the equilibrium urine 
specific activity of the K®. Extracellular potassium, in- 
tracellular potassium and intracellular potassium per unit 
of cell water, cell mass and body solid were calculated in 
a manner similar to that described for sodium. 


3A more accurate method of calculation would take 
into account the volumes of the plasma (PV) and ex- 
tracellular fluid (ECF), the water content of the plasma 
(w) and the Donnan factor, k. Taking PV as 4 per cent 
and ECF as 16 per cent of the body weight, respectively, 
w as 0.92 and k as 0.95, the calculation as given in the 
text yields a value for extracellular sodium which is 1.8 
per cent too large. Because of its small order this cor- 
rection has been neglected here. 
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TABLE I 
Intracellular potassium in six subjects 


Patient Height | Weight} Diagnosis 


Intra- 
cellular 
water 


Intracellular 
potassium 
| concentration 


cellular} cellular 
potas- | potas- 
sium sium 


Plasma 
potas- 
sium 


Cellu- 
lar 


mass Per 
liter 
cell 

water 


Healed burn 
Ear deformity 
Inguinal 
hernia 
Subcutaneous 
lipoma 
Subcutaneous 
fibroma 
Non-toxic 
thyroid 
adenoma 


All radioactivity measurements were performed in dupli- 
cate on 1 ce. samples which were dried in aluminum 
planchettes and counted with a shielded end-window 
Geiger tube. For uniform statistical accuracy, all sam- 
ples were counted to a 95 hundredths error (7) of less 
than 5 per cent. Usually, the 95 hundredths error was less 
than 3 per cent. 

The subjects were patients, ranging in age from 13 to 
58 years, who were hospitalized for elective surgery ex- 
cept J. T., who was studied 10 days after appendectomy. 


RESULTS AND DISCUSSION 


Table I presents the simultaneous measure- 
ments of body water compartments and total body 
potassium in six subjects (five male and one fe- 
male). The calculated values for total intracellular 
potassium and the concentration of potassium in 
intracellular water are shown for each subject. 
Intracellular potassium averaged 112 mEq./liter 


(range 96 to 125). This value is in good agree- 
ment with the average intracellular potassium con- 
centration from four studies in the dog which was 
115 mEq./liter (range 109 to 123) (1). No other 
data on intracellular potassium concentration in 
man are available. However, Corsa and his co- 
workers (6) have estimated the intracellular po- 
tassium concentration to be 106 mEq./liter (by 
calculation from an assumed value for the volume 
of extracellular fluid and measurements of total 
body water and total body potassium in man). 

From the data presented in Table I, the values 
for intracellular potassium per unit of cellular mass 
and per unit of body solid may be calculated. In- 
tracellular potassium averaged 49 mEq./kg. (range 
40 to 56) of cellular mass and 87 mEq./kg. (range 
62 to 112) of body solids. 


TABLE II 


Intracellular sodium in six male subjects 


Total 
body 
water 


Patient Height | Weight Diagnosis 


Inguina! 
hernia 
Inguinal 
hernia 
Hemorrhoids 
Anal fissure 
Peptic ulcer 
Post-appen- 
dectomy 
(10 days) 


Intra- 
cellular} body 
water 


Intracellular 
sodium 
concentration 
Extra- | Intra- 
cellular} cellular 
sodium | sodium 


Total 


Plasma 


solid sodium 


‘ 
2 198 
| 
| 
a | Total | Extra- Total | | Total = 
body | cellular body | | potas 
a water| fluid solid | Per Per e 
kg. kg. 
es | body | cell 
a | solid | mass 
| mEq./| mEq./| mEq./ 
ye yrs. in. keg. liters | liters | liters | kg. kg. |mEq./l.| mEq. | mEg. | mEq. l. kg. ke. 
aes K. O. 431M 67 70.5 36.4] 124 | 24.0 | 34.1] S81] 4.3 2,900 50 2,850 | 119 84 | 56 
Set {.M. 44|)M] 65 72.7 | | 33.6] 128 | 208 | 39.1) 599] 4.2 2,660 60 2,600 | 125 66 | 43 
63 64.1 | | 38.4] 12.5 | 25.9 | 25.7 | 516] 4.8 | 2,880 60 2,820 | 109 | 110 | 55 
AN is a. is|M] 62 47.7 | 29.7 8.7 | 21.0 | 18.0] 39.0] 4.0 | 2,050 30 2,020 96 | 112 | $2 
c.s. | 6 | 495 23.9} 98 | 14.1 | 256| 39.7] 44 | 1,630] 40 | 1,590 | 113 | 62 | 40 
F, G. 251M! 65 66.8 | 35.5 | 96 | 25.9 | 31.3] 57.2] 4.5 | 2,870 | 40 | 2,830] 109 | 90] 49 
Average | | 112, | 87 | 49 
| 
| | | | | | 
Extra | Cellu Total | 
eed cellular . eodium | 
fluid | er 
Nig | | liter | kg. | ke. 
ea | | } | | | cell | body | cell : 
| | | water | solid | mass 
j | yrs.) in. | kg. liters | liters liters kg. | kg. | mEq mEq. | mEq. mEq. keg. ke. 
A.S 58] 63 | 04.6 32.0 | 10.7 21.3 | 32.6 | 53.9 | 132 | 2,200 1,410 790 | 37.1 | 24.2 | 14.7 
| 
eae A. M. || 72 84.5 | | 43.7 | 14.4 29.3 | 40.8 | 70.1 | 137 | 3,130 | 1,970 | 1,160 | 39.6 | 28.4 | 16.5 ‘ 
K.L. 49] 6s 51.3 | 361 | 11.4 | 25.0 | 15.2 | 40.2 | 136 | 2,600 | 1.510 | 1,090 | 43.5 | 71.7 | 27.1 
aos  . M | 22 71 73.6 | 44.8] 14.1 30.7 | 28.8 | 49.5} 138 | 2.910 | 1,950 | 960 | 31.3 | 33.3 | 16.1 : 
= J.D M/ 56! 64 61.8 | | 346] 18.5 19.1 | 27.2 | 46.3 | 130 | 2,660 | 2,020 | 640 | 33.5 | 23.5 | 13.8 
Sesh 7; Ts M | 13 | S4 37.2 | 20.3 $.2 18.1 | 16.9 | 32.0} 136 | 1,260 705 | 555 | 36.8 | 32.8 | 17.3 
| | | 35.7 | 17.6 
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Table II contains the data from the simultaneous 
measurements of body water compartments and 
total body sodium in six male subjects. For each 
subject, the calculated values for total intracellu- 
lar sodium and concentration of sodium in intra- 
cellular water are indicated. The average intra- 
cellular sodium concentration for these subjects is 
37.0 mEq./liter (range 31.3 to 43.5), a figure close 
to the average of 36.0 mEq./liter (range 27.5 to 
41.0) obtained from four studies in the dog (1). 
No comparable data are available in man ; however, 
Forbes and Perley (8) have measured total body 
sodium by dilution of Na* in 32 males and obtained 
an average of 41.9 mEq./kg. of body weight, a fig- 
ure to be compared with our average of 37.9. 

Values have been derived for intracellular so- 
dium per unit of body solid from the information 
presented in Table II. Intracellular sodium aver- 
aged 17.6 mEq./kg. (range 13.8 to 27.1) of cellu- 
lar mass and 35.7 mEq./kg. (range 23.5 to 71.7) 
of body solid. 

A direct investigation of the error of measure- 
ment by the isotope dilution technique involves 
the use of total desiccation procedures. There- 
fore the accuracy of these values for intracellular 
sodium and potassium in man can only be evaluated 
in an indirect manner by estimation of the normal 
values in man and by a comparison which has been 
made by Corsa and his co-workers (6). They 
have presented studies of tissue specific activity in 
rabbits and man which indicate that the total potas- 
sium as measured after a 40 hour period of equili- 
bration is within 5 per cent of the actual amount of 
total body potassium. However, the precise time 
required for equilibrium distribution of radioac- 
tive sodium is not known. It is probable that a 
certain portion of body sodium (1.e., bone sodium) 
has not equilibrated in 24 hours, the interval em- 
ployed in this study. 

It should be emphasized that the electrolyte 
concentrations obtained by these calculations are 
average concentrations representing all the tissues 
of the body, and not the concentration in any single 
tissue. 

SUMMARY 


Intracellular sodium and potassium have been 
calculated from simultaneous studies of body water 


distribution (total body water and extracellular 
fluid) and total body electrolyte as measured by 
the isotope dilution technique. The concentration 
of intracellular electrolyte has been calculated per 
unit of intracellular water, per unit of cellular mass 
and per unit of body solid. 

Intracellular potassium averaged 112 mEq./liter 
(range 96 to 125) of intracellular water, 49 mEq./ 
kg. (range 40 to 56) of cellular mass, and 87 
mEq./kg. (range 62 to 112) of body solid. 

Intracellular sodium averaged 37.0 mEq./liter 
(range 31.3 to 43.5) of intracellular water, 17.6 
mEq./kg. (range 13.8 to 27.1) of cellular mass, 
and 35.7 mEq./kg. (range 23.5 to 71.7) of body 
solid. 

The average values for intracellular sodium and 
potassium concentration in man, as determined in 
this study, are in close agreement with comparable 
data obtained from studies in the dog and with esti- 
mates of intracellular electrolyte in man. 
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The studies of Weir (1), Weir and Hastings 
(2), and Wallace and Brodie (3) have demon- 
strated the similarity of bromide and chloride dis- 
tribution in tissues and body fluids of dogs and 
cats. With the exception of the brain and cere- 
brospinal fluid (4), bromide enters tissue in pro- 
portion to the amount of chloride present and after 
equilibration the ratio of the concentrations of tis- 
sue bromide to chloride is the same as in the 
plasma.? In effect, administered bromide is di- 
luted in body chloride and not in any specific com- 
partment of body water. Thus, the extent of bro- 
mide dilution can be used at least as an approxi- 
mate measure of total body chloride. Measure- 
ments of total body chloride, using bromide dilu- 
tion, in animals and man have been reported by 
Weir (5) and Dunning, Steele and Berger (6). 
No data are available, however, on intracellular 
chloride concentration since previous studies have 
not included simultaneous measurement of extra- 
cellular and intracellular water. The following 
studies supply data of this type. 


METHODS 


Six males and one female without evidence of edema 
were used in this study. Total body water and extracel- 
lular fluid volume were determined with sucrose and 
antipyrine,? respectively, as described in a preceding pa- 
per (7). Intracellular water was calculated as the dif- 
ference between the antipyrine and sucrose volumes of 
distribution. Total body solid was calculated as the dif- 


1 This study was supported by grants from the Atomic 
Energy Commission (AEC Contract AT [30-1]-1025) 
and The Commonwealth Fund to the Department of 
Physiology and by a grant from the Masonic Foundation 
for Medical Research to the Study Group for Rheumatic 
Diseases. 

We are indebted to the Fourth (New York University 
Post-Graduate Medical School) Medical and Surgical 
Divisions of Bellevue Hospital for the privilege of study- 
ing patients on these Services. 

2 However, in red blood cells the ratio bromide/chloride 
may be slightly greater than plasma (2). 

3 The antipyrine was supplied in ampoule form through 
the courtesy of Eli Lilly & Company, Indianapolis, Indiana. 


ference between body weight and the weight of the anti- 
pyrine volume of distribution, and cellular mass as the 
difference between body weight and the weight of the su- 
crose volume of distribution. Bromide was determined by 
the method of Brodie and Friedman (8) and chloride by 
the method of Wilson and Ball (9). The bromide method 
was checked by analysis of plasma solutions of known 
concentration and gave an average recovery of 99 (range 
98 to 102) per cent. 

Sodium bromide was administered by a single injection 
from a calibrated syringe or burette in an amount equiva- 
lent to 1.5 to 2.5 gm. of bromide. A period of 24 hours 
was allowed for complete equilibration of bromide before 
the final blood sample was obtained. Urinary bromide 
excretion was determined throughout this equilibration 
period, and utilized to calculate the bromide retained in 
the body.* 

Total body chloride, as determined by bromide dilution 
was calculated as: 


Total body chloride = plasma chloride concentration 
retained bromide 


plasma bromide concentration 


In calculating the extracellular chloride (ECFe:) ac- 
count must be taken of the plasma volume (PV), Don- 
nan factor (k), plasma water content (w), and extracel- 
lular fluid volume (ECF), in accordance with the follow- 
ing equation: 


PV + [ECF — PV] 
ECF Poi 


{= 


We have not measured PV, k and w, but we may with 
reasonable accuracy take PV as 4 per cent of the body 
weight, k as 1.02 and w as 0.92. Inserting these values 
and the observed values of ECF yields the individual fac- 
tors listed under f in Table I, which have been used in 
the calculation of ECFe:. 


RESULTS AND DISCUSSION 


Table I contains the data from simultaneous 
measurements of body water compartments and 
total body chloride in seven subjects. Total chlo- 
ride ranges from 27.1 to 33.7 and averages 30.1 
mEq./kg. body weight, figures which may be com- 


4 The plasma chloride determination was not corrected 
for the presence of bromide since the equilibrium bromide 
concentration was usually less than 2 per cent of total 
plasma halide. 
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pared with a range of 27.9 to 35.2 and an average 
of 31.6 in five males without edema reported by 
Dunning, Steele, and Berger (6). These investi- 
gators obtained the slightly lower value of 28.6 
mEq./kg. in five females. Total body chloride in 
cats, dogs and rabbits, as measured by bromide 
dilution, averaged 34.4, 33.2 and 30.2 mEq./kg., 
respectively (5), values which are in close agree- 
ment with measurements of total body chloride as 
determined from analyses of homogenized aliquots 
of animals (10). 

Intracellular chloride averaged 24.8 mEq./liter 
of cell water (range 21.2 to 29.5). This figure is, 
of course, a nominal one and does not reveal the 
true chloride concentration in any one tissue. 
No data are available for comparison with this 
value, nor can its accuracy be checked directly. 

Intracellular chloride averaged 11.3 mEq./kg. 
of cell mass (range 7.8 to 16.2) and 19.7 mEq./kg. 
of body solid (range 12.1 to 27.0). 

Dunning, Steele and Berger (6) surmise that 
about half the body chloride is in the cells, but our 
data show that the intracellular fraction ranges 
from 19.8 to 40.4 per cent of the total chloride, 
with an average ratio of 29.7. However, we concur 
with their statement that a change in total chloride 
does not necessarily represent a change in volume 
of extracellular fluid. The older assumption that 
chloride is confined to the extracellular fluid must, 
we think, be abandoned in the light of the present 
studies, and in view of the excessively large chlo- 
ride spaces reported by Dunning, Steele and Berger 
in man (6), by Burch, Threefoot, and Ray (11) 
in the dog, the high bromide space/inulin space 
ratio (1.30 to 2.40) reported by Berger, Dunning, 
Steele, Jackenthal and Brodie (12), and the direct 
analyses of Manery and Hastings (13), Crismon, 
Crismon, Calabresi and Darrow (14) and Wilde 
(15). The evidence indicates that intracellular 
chloride is highly variable in amount, and one may 
infer from this variability and the viviperfusion 
experiments of Amberson, Nash, Mulder and Binns 
(16) that it is also highly labile. Calculation of 
changes in the extracellular fluid volume from 
changes in the total body chloride must therefore 
have an uncertain value. 


SUMMARY 


Intracellular chloride has been determined from 
simultaneous studies of body water distribution 


NORMAN DEANE, MORRIS ZIFF, AND HOMER W. SMITH 


(total body water and extracellular fluid) and total 
body chloride as measured by the bromide dilution 
method in seven non-edematous subjects. 

Total chloride averaged 30.1 mEq./kg. body 
weight (range 27.1 to 33.7). Intracellular chlo- 
ride averaged 29.7 per cent of total chloride (range 
19.8 to 40.4), and 24.8 mEq./liter of cell water 
(range 21.2 to 29.5), 11.3 mEq./kg. of cell mass 
(range 7.8 to 16.2), and 19.7 mEq./kg. of body 
solid (range 12.1 to 27.0). 

In view of the large fraction of total body chlo- 
ride which is contained in the cells, changes in 
total body chloride cannot be accepted as neces- 
sarily reflecting changes in extracellular fluid vol- 
ume, 
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OXYGEN TENSION OF TISSUES BY THE POLAROGRAPHIC METHOD. IV. 
SKIN OXYGEN TENSION VS. ARTERIAL OXYGEN SATURATION; RELA- 
TIONSHIP TO OXYHEMOGLOBIN DISSOCIATION CURVE 
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INTRODUCTION 


The relationship between the oxygen saturation 
and oxygen tension of the blood has, up to the 
present time, been studied by methods requiring 
in v1tro analysis. These methods, such as the Van 
Slyke-Neill manometric (1) and Krogh equili- 
bration (2) techniques, require considerable time 
and skill and give only discontinuous measure- 
ments. This report describes an indirect study of 
this relationship by simple instrumental methods 
which supply immediate and continuous informa- 
tion im vivo. They consist of the oxygen elec- 


trode (3), which can be used to measure polaro- 
graphically the oxygen tension in the intact hu- 
man skin (4), and the oximeter (5, 6), which 


measures the arterial blood oxygen saturation in 
the intact human ear. 

In this paper are described the changes in the 
oxygen tension of skin warmed by a rapid circu- 
lation, brought on by altering the blood arterial 
oxygen saturation in normal human subjects (7). 
The correlation of skin oxygen tension and blood 
arterial saturation and its relationship to the oxy- 
hemoglobin dissociation curve are demonstrated. 


METHOD 


The method of producing alterations of the blood ar- 
terial oxygen saturation has been described previously 
(7). It consists of administering constantly varying 
mixtures of pure oxygen and pure nitrogen through an 
anesthesia machine to obtain and maintain the desired 
level of the arterial oxygen saturation, as measured by 
the Millikan oximeter. 

The subject, shortly after eating his regular meal, lay 
quietly for approximately 45 minutes, breathing air, be- 
fore inhaling the gas mixtures. Skin temperature read- 
ings were taken, the oximeter was attached to the ear, 


1Instructor in Medicine, University of Pennsylvania 
School of Medicine. The major portion of this work was 
done during the tenure of a Post-Doctorate Fellowship, 
United States Public Health Service. Support was also 
received from the Life Insurance Medical Research Fund. 


and the oxygen electrodes were inserted in the skin. 
“Ear-thickness” readings were taken on the oximeter 
until stable and the “saturation” was then set at “100” 
while the subject breathed pure oxygen (5, 6). Oxygen 
tension readings were taken at frequent intervals until 
they became stable. A low or high oxygen mixture was 
then inhaled. After the inhalation of this gas mixture, 
the subject was again allowed to breathe room air. In 
some experiments the arterial saturation and the oxygen 
tension changes during this period of recovery were 
noted. 

The saturations studied ranged from 67 to 100%. Any 
change from one level of saturation to another was made 
gradually, and the saturation was kept constant at the 
desired level for several minutes. While the saturation 
was held constant, oxygen tension readings were taken, 
in most experiments until they too became constant (solid 
circles, Figure 1). In some of the experiments, where the 
effect of reduced arterial oxygen saturation was being 
studied, repeated oxygen tension readings were not taken 
(open circles, Figure 1) at each level of saturation in 
order not to prolong unduly the total period of hypoxia. 
In these instances readings were taken only after the 
desired saturation had been maintained for a period of 
time found, from the other experiments, to be sufficient for 
the skin oxygen to come into equilibrium with the blood 
arterial oxygen. 

The oxygen electrode, method of taking readings, and 
corrections for temperature variations have been de- 
scribed by Montgomery and Horwitz (4). In the pres- 
ent experiments, however, the electrodes were uncali- 
brated so that only relative changes were measured. 
The reading obtained while the subject was breathing 
air was arbitrarily designated at 100. The electrodes 
were sterilized by boiling and their tips were kept in 
sterile saline solution when not in use. The electrodes 
were inserted in the skin of the outer aspect of the arm 
of each subject. Eight different electrodes were used 
and, in most of the experiments, the same set of five elec- 
trodes. 

The first three experiments, in which only two elec- 
trodes were used, showed that the oxygen tension per- 
centages of the two electrodes, at a given arterial satura- 
tion, differed significantly. To minimize the effect of 
these differences, from three to five electrodes were used 
in all subsequent experiments, the oxygen tension (Figure 
1) being taken as the average of values obtained by the 
several electrodes. 
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Skin temperature was recorded continuously through- 
out each experiment by thermocouples (8) placed on 
different areas of the skin near the various electrodes. 
In order to maintain a rapid circulation through the skin 
of the arm it was occasionally necessary to apply heat 
elsewhere to the body. The skin temperatures were kept 
between 30 and 34° C except in two instances where the 
temperature of the skin could not be raised above 29° C. 
The room temperature of all experiments averaged 26° C. 
Neither skin nor room temperature varied more than one 
degree throughout any one experiment. 

Fourteen normal, white adults, ages 18 to 46, were 
used as subjects; all but three were males. A total of 31 
experiments was performed. 


OBSERVATIONS 


The effect of decreasing or increasing the blood 
arterial oxygen saturation on the oxygen tension 
of the skin is shown in Figure 1, where the results 
of the 31 experiments are plotted. In each ex- 
periment the oxygen tension changed in the same 
direction as the arterial saturation. 

One can see in Figure 1 striking differences 
in the amount of change in oxygen tension, per 
unit change in arterial saturation, at different 
levels of arterial saturation. In lowering the satu- 
ration from 75 to 70%, for instance, the tension 
was decreased by only 4%. In lowering the satu- 
ration from 95 to 90%, the tension, on the other 
hand, was decreased by 20%. The large changes in 
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tension at the high arterial saturations were es- 
pecially apparent in several instances (not in- 
cluded in Figure 1) where the arterial saturation 
was progressively increased between 96 and 99% 
saturation by small increments ranging from %4 to 
1% arterial saturation. These small changes in 
saturation, regardless of how gradually they were 
made, always produced considerable increases in 
oxygen tension. 

Several other observations on the relationship 
between the arterial oxygen saturation and skin 
oxygen tension were made: 


1. The recovery of the oxygen tension and the 
arterial oxygen saturation: Observations on the 
rate of recovery of the arterial saturation and the 
skin oxygen tension were made when the subject 
was allowed to breathe room air immediately 
upon the termination of some of the experiments. 
After low oxygen inhalation (two experiments), 
the arterial saturation fully regained its normal 
value in approximately five minutes while the skin 
oxygen tension required about 10 minutes. After 
high oxygen (six experiments), the saturation 
also returned to normal in approximately five min- 
utes and the tension again required twice as much 
time. 

The final recovery value of the arterial satura- 
tion, noted in most instances after the subject had 
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Skin Oxycen TENSION VERSUS ARTERIAL OxYGEN SATURATION 


The skin oxygen tension of each of the points was obtained by averaging the values of several electrodes used 


simultaneously. 


@ Skin oxygen tension in equilibrium with arterial oxygen as obtained by repeat tension readings at each level of 


arterial saturation (see Method). 


© Skin oxygen tension in equilibrium with arterial oxygen as obtained by single tension readings at each level of 


arterial saturation after the saturation had been maintained constant for several minutes (see Method). 
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TABLE I 


Oxygen tension of the skin, in galvanometer units, 
while subject 1s breathing atr 


Values “For each experiment” are average of all elec- 
trodes used in each experiment. One very high reading, 
88, obtained with electrode ‘B,"’ was not included. Read- 
ings were obtained after electrodes had been in the skin for 
approximately 30 minutes and were stable. 


. For each electrode 
For each 


Oxygen tension 
Average 18.2 


6.1 8.7 


17.2 


Stand dev. 


15.5 to} 12.5 to 
9 38 


Range 7.5 to} 8.5 to 
29 32.5 26 


No. experiments 


12 


| 12 


been breathing room air for approximately 15 
minutes, was about the same as the initial reading 
on room air. The oxygen tension on recovery 
from breathing low oxygen averaged 91% (range 
73 to 108%) of the initial room air reading, 
whereas it was 106% (range 86 to 138%) after 
the inhalation of pure oxygen. 

In a few instances a droplet of blood was found 
when the electrodes were removed. This had no 
apparent effect on the readings, unlike the experi- 
ence of Montgomery and Horwitz (4). 

2. Effect of carbon dioxide: In a single experi- 
ment, in which the arterial saturation was main- 
tained at 80%, 2.5% CO, (9), included in the gas 
mixture for a period of 10 minutes, caused no 
measurable change in the oxygen tension. 

3. Skin oxygen tension in galvanometer units 
while breathing air: It was noted throughout these 
experiments that the oxygen tension reading of 
skin, warmed by a rapid circulation, was fairly 
consistent while the subjects were breathing air. 
The readings for the five electrodes used most fre- 
quently were analyzed and are listed in Table I. 
The average value of each of these five electrodes 
ranged between 16.8 and 25.3 galvanometer units. 


DISCUSSION 

Under the conditions of these experiments, in 
which an attempt was made to maintain a rapid 
cutaneous circulation, the oxygen tension of the 
skin, measured polarographically by the oxygen 
tension electrode, changed consistently with the 
blood arterial oxygen saturation, as measured by 
the Millikan oximeter. 


PENNEYS 


The quantitative relationship between the ten- 
sion, expressed in percent of initial value while 
breathing air, and the saturation may be repre- 
sented by a curve (Figure 1) which, between 67% 
arterial saturation and the upper limit of the oxy- 
hemoglobin dissociation curves obtained by gaso- 
metric analysis (10-12), has the characteristically 
changing slope of these latter curves. At the 
higher saturations in the present experiments, the 
relationship is closely similar to that reported by 
direct polarographic measurements on the arterial 
blood (13). The oxygen tension of the skin hav- 
ing a fast circulation thus bears the same type of 
relationship to the arterial oxygen saturation as 
does the arterial oxygen tension. 

Some technical and physiological limitations 
of these experiments may be emphasized: 7. The 
observations extend down to only 67% arterial 
saturation. Hypoxemic patients may offer an op- 
portunity to study the curve at lower levels. 2. 
Certain limitations are inherent in the Millikan 
oximeter (5, 6, 14) and in the stationary platinum 
oxygen electrode (4). When the arterial oxygen 
saturation was increased, or decreased, to any 
given level, there was a considerable difference 
between tension changes of individual electrodes. 
These differences are unexplained and demonstrate 
the importance of using several electrodes in de- 
termining the degree of any change. 3. An at- 
tempt was made to maintain a cutaneous circula- 
tion fast enough (as indicated by differences 
between skin temperature and room temperature) 
to supply oxygen in excess of metabolic needs. 
Variations in cutaneous circulation or oxygen 
metabolism are expected to contribute some error 
(4). 4. Two important physiological factors, the 
pH (6) and the temperature (15, 16) of the blood 
and tissues, were not completely controlled or 
measured. It is of interest to note that the scatter 
of observations in Figure 1 closely resembles the 
scatter of points of the conventional dissociation 
curve having alterations of the blood pH over the 
range 7.2 to 7.6 (6). Considering the above, the 
curve may prove to be more useful if some of these 
variables are better controlled. 

By the simultaneous use of the oximeter and 
oxygen electrode, clinical disturbances related to 
the oxygen dissociation of the blood may be more 
readily laid open to investigation. The effect of 
various metabolic and hypoxemic states on the 
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oxyhemoglobin dissociation of blood may be stud- 
ied at the bedside of critically ill patients without 
discomfort or the loss of blood. 

Two other observations on the relationship be- 
tween the arterial oxygen saturation and the oxy- 
gen tension of the skin were made: 7. The oxygen 
tension of the skin, after the inhalation of low or 
high oxygen mixtures, required several minutes 
longer than the arterial saturation to return fully 
to its original value. This agrees with other 
studies made on the viscera of animals (17). 2. 
The consistency of all the oxygen tension galvano- 
metric readings on our subjects, while they were 
breathing air (Table I), suggests that the uncali- 
brated oxygen electrode may be used to establish 
an “oxygen tension reading,” in galvanometric 
units, of skin with a rapid circulation in normal 
subjects. Such an electrode may then be useful 
in studying changes in oxygen tension in skin and 
their implications regarding the central and pe- 
ripheral circulation, 


SUMMARY 


1. The blood arterial oxygen saturation of nor- 
mal human subjects was altered by the inhalation 
of a gas of varying oxygen concentration to give 
readings between 67 and 100%, as measured by 
the Millikan oximeter. Simultaneously the oxy- 
gen tension of the skin, having a reasonably rapid 
circulation, was measured by several oxygen 
electrodes. 

2. The oxygen tension changed in the same di- 
rection as did the arterial saturation. When the 
tension, expressed in percent of the reading ob- 
tained while breathing air, was plotted against the 
arterial oxygen saturation, a curve was obtained 
(Figure 1) with the characteristically changing 
slope of the conventional oxyhemoglobin dissoci- 
ation curves of blood. 

3. After the inhalation of low or high oxygen 
mixtures, the skin oxygen tension returned more 
slowly to initial values than did the arterial 
oxygen saturation. 

4. Unexplained differences the 
changes between the individual electrodes made 
the simultaneous use of several electrodes advis- 


tension 


able. 
5. Oxygen tension galvanometric readings ob- 


tained while breathing air were fairly consistent, 
suggesting that the uncalibrated oxygen electrode 
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may be used to establish an “oxygen tension read- 
ing” of skin with a rapid circulation in normal 
subjects. 
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A COMPARISON OF THE ESTIMATION OF THE BASAL CARDIAC 


OUTPUT FROM A LINEAR FORMULA AND THE 


It is customary to express the cardiac output of 
man in units of body size, usually in the form of the 
cardiac index which is simply the gross cardiac 
output in liters of blood per minute divided by 
the surface area of the body. The use of the car- 
diac index implicitly assumes that the cardiac out- 
put normally is directly proportional to the surface 
area of the body with the prediction line going 
through the origin of the X and Y axes. Tanner 
(1, 2) has recently pointed out that errors arise 
in using cardiac index as a criterion for prediction 
of cardiac output when strict proportionality is not 
present. In this situation, the regression line 
which describes the best linear fit for any group of 
data differs from the line defined by the cardiac 
index. Under these conditions the cardiac index 
will overestimate or underestimate the expected 
value for an individual in the extreme range of 
the body size and comparisons of population 
groups with reference to the cardiac index will be 
inexact unless the surface areas of the two popula- 
tion groups are identical. Tanner (1) used the 
relationship of stroke volume to body weight as 
an example of such errors but did not provide an 
analysis of the errors involved in the cardiac index. 

A large percentage of the cardiac output data in 
the literature is expressed in terms of the cardiac 
index. Recently standards for the low-frequency, 
critically damped ballistocardiograph have been 
published exclusively in terms of this ratio by 
Gregersen and Nickerson (3). It is the purpose of 
this paper to examine the validity of the cardiac 
index as a standard with special reference to its 
usefulness in predicting the cardiac output of in- 
dividuals. 


SUBJECTS AND CONDITIONS 


Cardiac output and surface area data were obtained 
on 48 healthy, male, university students who were be- 
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tween the ages of 18 to 30. All of these men were 
studied with the low-frequency, critically damped ballisto- 
cardiograph. Duplicate records were made in each case. 
Ten cardiac complexes were analyzed in each record. 
The cardiac output of 34 of these men was determined 
with the acetylene method. Quadruplicate determinations 
by this method were made in 22 men, duplicates in 12. 
All men reported to the Laboratory without breakfast 
and lay on a bed for 20 minutes before observations were 
begun. All observations were carried out in an air con- 
ditioned room which was maintained at a temperature of 
78+ 2° F. The subjects were studied during the months 
of October, November, December, March and April. 


METHODS 


Cardiac output estimations by the acetylene method 
were made following the Grollman procedure. The final 
computation applied the correction given by Chapman and 
associates (4) so that the absolute values are in harmony 
with those obtained from the direct Fick (catheter) 
method. 

Cardiac output estimations by the ballistocardiographic 
method employed the low-frequency, critically damped 
apparatus described by Nickerson and Curtis (5). The 
computational method was that of Nickerson, Warren 
and Brannon (6); this has also been calibrated against 
the catheter method. The surface area of all subjects 
was determined by the formula of Dubois. 


SELECTION OF DATA FROM THE LITERATURE 


Data in the literature which may be used for the pur- 
pose of this discussion have been reviewed by Tanner 
(1). In the present analysis we have included the two 
series presented by Tanner in which the cardiac output 
was determined by the high-frequency ballistocardiograph 
on males, the acetylene method and the ethyl iodide 
method. Tanner pointed out, from statistical considera- 
tions, that the two series of measurements on normal 
individuals which were carried out by the direct Fick 
method appear to have been drawn from different popu- 
lations. One of these series of measurements, which was 
collected by Cournand’s group (7), was carried out in 
New York and the other by Stead, Warren, Merrill, and 
Brannon (8) was done in Atlanta, Georgia. Since the 
publication of Tanner’s work, data on 19 normal males 
age 20 to 40 have been gathered in the same laboratory 
in Minneapolis by Chapman and associates (4) and 
Ebert, Borden, Wells, and Wilson (9). It seems reason- 
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able to assume that at least part of the difference between 
the data obtained in Atlanta and New York was due to 
climate. We have, therefore, excluded the Atlanta data 
and pooled the Minneapolis data and that part of the 
New York data obtained on young men between the 
ages of 20 to 40 


STATISTICAL METHODS 


Methods for calculating standard deviations, correla- 
tion coefficients, and constants for regression functions 
can be found in any elementary textbook of statistics. A 


HENRY LONGSTREET TAYLOR AND KENNETH TIEDE 


few methods have been employed which should be stated 
in some detail to avoid confusion. 

The first of these has to do with testing the significance 
of correlation coefficients. For this purpose we have used 
Fisher’s z transformation (10). This was done with the 
following equation: 


(1) z= Ing 


where r is the correlation coefficient. When this is done, 
z is normally distributed with variance equal to 1/(n — 3)- 


TABLE I 


Basal cardiac output data obtained with the low-frequency, critically damped ballistocardiograph 
along with some of the characteristics of the subjects 


Age Height Weight 


Blood 
pressure 


Stroke 
volume 


(cms.) (kgs.) 
163 
178 
181.6 


175.9 


(years) 


Willem. 
Erick. 
Traut. 
CVD 119 
CVD 17 
Strau. 
CVD 162 
CVD7 
CVD 41 
Svig. 
Torger. 
Nayya 
CVD 120 
Alterm. 
CVD 110 
Ortlip. 
CVD 31 
Erwi. 
Podem. 
Duckw. 
Teitenb. 
30ss. 
Dav. 
Wies 
Christen. 
Evang. 
Lindl. 
Hof 
Carls. 
Donald. 
Koch. 
Adam. 
CVD 21 
CVD 23 
CVD 30 
CVD 31 
CVD 45 
CVD 50 
CVD 59 
CVD 109 
CVD 144 
CVD 145 


Mean 
S. D. 


115/82 
110/80 
104/60 
118/70 
115/72 
110/66 
114/78 
110/66 
120/73 
172/66 
103/75 
125/85 
126/82 
122/75 
111/70 
145/85 
124/76 
110/76 
139/84 
114/73 
118/83 
109/72 
119/89 
120/80 
104/67 
126/83 
106/73 
122/78 
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“a CVD 104 23 68 
CVD 3 25 69 
pe Scan. | 19 70 : 
Forth. 29 60 
=, CVD 13 22 176 70.1 54 
Ae CVD 56 24 168 51.7 65 
at 20 175.9 60.5 65 
; 20 178.1 55.5 58 
4 22 179.1 69.5 67 
20 178 71.5 70 
om 22 178 69.2 54 
ae 21 170.8 71.8 64 
ae 24 181 73.5 64 
= 25 166 67.0 54 
7 25 168 76.5 55 
4g 25 178.4 77.2 70 
a 24 178.4 76.1 62 
28 165.1 54.1 76 
24 175 79 73 
oe: 20 168.3 73.4 64 
“yl 20 174 85 60 102.8 
= 20 167 7 50 121.2 
| 26 174 69 92.2 
ae 27 183.5 71 154.5 197 
Se 23 173.7 59 115 0 
qe 24 183.5 74 144 7 
aa 19 189.2 66 125 6 
—) | 25 182.9 66 100) 3 
a 25 173 121/78 62 112 
- 20 181.6 144/87 56 9 
oe 21 179.1 126/80 56 
fe 17 177.8 118/72 59 
Sixt 21 174.6 120/77 59 
sae 24 172.1 125/82 61 
a 24 178.4 122/66 72 
20 184.2 119/70 57 
24 174.6 120/82 | 77 
s; 23 171.5 130/84 65 
a 24 176 126/82 63 
Fe 26 174 121/83 51 
a 22 185 120/71 61 
ee 26 174 119/79 69 
os 24 188 112/75 79 
a 22 183.0 134/91 64 
eis 22 183.0 140/88 63 
Te 24 182.0 155/88 63 
kee 21 170 119/80 65 
19 | 176 76 
22.8 176.4 | 64.1 
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The root mean square of sums of deviations of observa- 

tions from corresponding hypothetical values is given by 
2 
(2) { z=(Y — Y) 
n 

where Y is the observed value and Y is the corresponding 
hypothetical value. 

When Y equals the mean of the observed values (Y) 
expression (2) reduces to the sample estimate of the stand- 
ard deviation, sy. 

The cardiac index line is defined by the equation 


(3) =kx, 


where k=Y/X. Then the root mean square of devia- 
tions from this line is given by the special case of expression 
(2), where Y = Y. After some manipulation this expres- 
sion reduces to 

(4) {sy? — 2-r-¥/X-sx-sy + (¥/X)%sx?}}, 


where sy and sx are defined above. Finally the root mean 
square of deviations of observations from the regression 
line was calculated by the expression 


where Y’ = a + bX. 
The limits of confidence of the regression line are given 
by the expression (11) 


(6) Y’ + 2oy, 
where 


(7) = 


nsx? 


The sample estimate of o*y — y’ is given by 


z(Y - 
n-2 


nsy? 


(8) 


The sample estimate of cy is therefore given by 


RESULTS AND ANALYSIS 


The individual cardiac outputs obtained with 
the low-frequency, critically damped ballistocardio- 
graph and certain characteristics of the individuals 
are presented in Table I. The cardiac outputs de- 
termined by the corrected acetylene method will 
be presented in detail elsewhere (12). 

The means and standard deviations of the car- 
diac outputs and surface areas in the several series 
of measurements, together with the references, are 
presented in Table II. Table III presents the cor- 
relation coefficients (r) between cardiac output 
and surface area in the different groups. It will 
be noted that in the two series of measurements 
carried out with the high-frequency ballistocardio- 


TABLE II 
Cardiac output and surface area data on 
healthy men 


N = number, S.D. = standard deviation 


Cardiac 
output, 
i/min. 


Method 


S.D. 
1.10 
0.79 


Mean 


Starr (13) 
Tanner (1) 
Lewis (14) 
Grollman (15) 
Starr (16) 


Bee GS 5.73 

6.21 

Acetylene 4.07 | 0.51 
Acetylene 4.01 | 0.35 
Ethyl iodide 4.47 | 1.05 
Selectedt Direct Fick 6.39 | 1.37 
L. P. H. (12) | Corrected 5.54 | 0.87 
| acetylene 


L. P. H. (17) | B. C. G.t 


6.79 | 1.43 


* High-frequency ballistocardiograph. 

t Cournand and associates (7), Chapman and associates 
(4), and Ebert and associates (9). 

t Low-frequency, critically damped ballistocardiograph. 


graph, the value of r is small compared to that ob- 
tained when other methods are employed to meas- 
ure cardiac output. 

Neither of the values of r for the high-frequency 
ballistocardiograph is significantly different from 
zero and we may conclude that this instrument 
gives cardiac outputs which do not distinguish 
between large and small individuals. This is also 
true of the ethyl iodide method. On the other 
hand, the direct Fick (catheter), corrected acety- 
lene, damped _ballisto- 
cardiograph and acetylene methods, all yielded 
values for r which are significantly different from 
Thus these methods definitely distinguish 


low-frequency, critically 


zero. 


TABLE III 


Coefficients of correlation between the cardiac output, in liters 
per minute, and the surface area obtained in the 
several series presented in Table I, along 
with the 5 per cent confidence 
intervals for each value of r 

The last column gives the value of r which must be 
reached if the calculated value of r is considered to be 
different from zero. 


5% confidence values 


Method 


B. C. G. high frequency 
B. C. G. high frequency 
Acetylene 

Grollman Acetylene 

Starr Ethyl iodide 

a Direct Fick, catheter 
L. P. Corrected acetylene 
eS H. B. C. G. low frequency 
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| i 
| Surface 
area, m’ 
Author N 
Mean | S.D. 
| 1.89 | 0.13 
1.85 | 0.12 
1.81 | 0.13 
1.83 | 0.13 
1.89 | 0.16 ; 
1.89 | 0.19 
’ 
| 
Author rat 5% 
Lower | Upper! level 
sig. 
—0.05| 0.32 | 0.20 
—O0.11 | 0.43 0.28 
0.32] 0.65 | 0.22 a 
0.25} 0.73 | 0.33 
0.10} 0.66 | 0.42 
0.19] 0.77 | 0.39 
0.33| 0.78 | 0.34 oh 
| 0.38| 0.76 | 0.28 
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TABLE IV 


The regression constants relating cardiac 
output to surface area 


_ The constant b is the slope of the regression line and a 
is the intercept on the cardiac catgut (2) axis. 


Regressi yn constants 


Method 


a. 
4.14 
—2.29 
0.34 
—2.11 


High-frequency ballistocardiograph* 
Low-frequency ballistocardiograph 
Corrected acetylene 

Direct Fick (catheter) 


* Data of Tanner (1) 


between large and small individuals. It should be 
noted that the range of body sizes included in the 
various samples is roughly the same. ‘The stand- 
ard deviation of the surface area of Starr’s sub- 
jects was 0.13. Grollman’s subjects had an identi- 


cal standard deviation for surface area yet in the 


first case the r relating cardiac output and surface 


area was 0.14 and in the second 0.53. 

On testing the significance of the differences be- 
tween the several r’s presented in Table III, trans- 
formed into the z values (10), “student's” t test 
was used to test the null hypothesis that z, = z, 
where z, and z, are the values of the transformed 
r’s under consideration. It was found that the val- 
ues of the r’s obtained with the high-frequency 


ballistocardiograph differed significantly trom 
those obtained by any of the other methods except 
that of the ethyl iodide. Tanner (1) has pointed 
out that the repeatability of the high-frequency 
ballistocardiograph is high. The test retest correla- 
tion coefficient in his series was 0.91. This means 
that the failure of the high-frequency ballistocardio- 
graph to correlate well with surface area is not 
due to a large random error in the method. It 
follows by inference from this that the high-fre- 
quency ballistocardiograph is measuring some- 
thing quite different from that measured by the 
other methods of determining cardiac output. 

Four of the series of cardiac output measure- 
ments presented in Tables II and III have been 
selected for a detailed analysis. The age range 
of the subjects varied between 18 and 40. The 
methods and regression constants are presented in 
Table IV. 

The raw data obtained with the low-frequency, 
critically damped ballistocardiograph are plotted 
in Figure 1. Both the regression line and the car- 
diac index line are included in the figure. The 
cardiac index line was constructed in the usual 
manner, i.¢., the point on the graph given by the 
mean of the surface area of the group and the 


CARDIAC OUTPUT, LITERS MIN 


20 24 


SURFACE AREA, 


Fic. 1. 


Tue RELATIONSHIP BETWEEN SURFACE AREA OF THE Bopy 1N SQUARE 


METERS AND THE Basat Carpiac Output IN Liters PER MI: 


The regression line and the cardiac index line are indicated in the figure. 
The dotted lines are the limits of confidence of the regression line and enclose 
the range in which will be found the regression lines derived from 95 out of 100 
repetitions of this experiment on random samples of this size. 
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mean of the cardiac output was found and a line 
was drawn through this point and the zero point. 
The slope of the regression line and the means of 
the surface area and cardiac output are subject 
to sampling error. The possible extent of these 
errors is indicated by the dotted lines on Figure 1 
(11). The range included between these lines in- 
cludes the regression lines which will be found 95 
times in 100 repetitions of this experiment on 
random samples of this size. 

It is apparent that while the regression line is 
the best possible description of the data at hand, 
there is a great deal of uncertainty as to the slope 
of a regression line describing the relationship 
of surface area and cardiac output of the general 
population. It is interesting to note that with the 
exception of the high-frequency ballistocardio- 
graph, the four methods considered in Table 1V 
give regression lines whose limits of confidence 
enclose the cardiac index line. It is possible, then, 
that errors in sampling could account for the dif- 
ferences between the cardiac index line and the re- 
gression lines of the various samples studied. 

To test the relative validity of the linear and 
the cardiac index methods of prediction, we have 
elected to use the criteria of accuracy of prediction. 
This method has been used in the past by Berkson 
and Boothby (18) to examine the validity of pre- 
dicting basal metabolism from surface area ratios. 
Table V gives the root mean square deviations 
of the observed cardiac outputs minus those cal- 
culated by the regression line and the cardiac in- 
dices for the four series of measurements. It will 
be noted that the high-frequency ballistocardio- 
graph gives the largest difference between the root 
mean squares of the regression line and the cardiac 
index while the other methods show only small or 
no difference between the two standards. Com- 
parisons between the absolute magnitudes of the 


TABLE V 


The comparison of the root mean square deviations of 
observed minus calculated cardiac 
outputs in liters per minute 


High- Low. | Corrected | Direct 

| | acetviene | “Fick 

Regression line 0.80 1.14 0.70 1.15 

Cardiac index 0.85 1.16 0.70 1.17 
Per cent increase | 6.3 1.8 0 1.7 


* Data of Tanner (1) 
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TABLE VI 


The difference between the cardiac output as predicted by 
the regression line and that predicted by the index 
line for different values of surface area 
The data for this example are drawn from the series 
of measurements obtained with the low-frequency bal- 
listocardiograph. 


\area, 
a 1.60} 1.70] 1.80 | 1.90 | 2.00 | 2.10 | 2.20 
dice 
by 
Regression 5.29 5.77 6.24 | 6.72 | 7.19 | 7.66 | 8.14 
Cardiac index 5.65 6.00 6.35 | 6.71 | 7.06 | 7.41 | 7.77 
Difference —0.36 | —0.23 | —0.11 | 0.01 | 0.13 | 0.25 43 
Percent of value 
predicted by reg. 68 40 1.8 |0.2 1.8 |3.3 


root mean squares of the four methods should be 
made with caution since multiple determinations 
for each individual were used to gather data for 
two of the methods and were not used for the 
others. 

It is advantageous to compare the variability 
around the cardiac index line with that around the 
regression line in terms of the variance (mean sum 
of squares of deviations) which in this case is 
simply the square of the figures presented in the 
body of Table V. This allows us to make proper 
comparisons of the percentage of excess variability 
exhibited by the cardiac index over that of the re- 
gression standard. Since it can be shown that the 
variance of the cardiac output from the regression 
and cardiac index lines are additive, we may write 
the following expression : 


1) Ver = Vr + Vex, 


where V is the variance and the subscripts stand 
for cardiac index, regression and excess, re- 
spectively. The percentage of excess variance then 
becomes 

Vr + Ver, 


2) I ex Ve 


Applying equation 2, we find that the excess vari- 
ance of the index line as per cent of the total vari- 
ance of the regression line is 13.0 per cent in the 
case of the high-frequency ballistocardiograph, 3.6 
per cent for the low-frequency ballistocardiograph, 
2.6 per cent for the direct Fick and a negligible 
amount for the corrected acetylene procedure. 
Again the high-frequency ballistocardiograph ap- 
pears to be quite different from the other methods 
examined here since the use of the cardiac index 
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TABLE VII 


Errors arising from the use of the cardiac index in comparing 
groups whose mean surface areas are different 


The case considered here is that of two groups, both with 
normal cardiac outputs, drawn from the population de- 


| 
Surface area | Cardiac index 


Ref. group | andi group) | Ref. group Exo. group 


| Error 
3.54 
1.70 3.54 | 
3.59 | 


| 3.46 
170 | 3.59 | 

| 


3.39 
3.39 
3.39 
3.30 


0.08 
0.15 
0.20 
0.26 : 
0.40 10. 


1.80 


1.70 | 3.65 
160 | 3.70 


line increases the excess variance by 3.5 times or 
more than that found with other methods. 

To complete the picture, a more detailed descrip- 
tion of the errors resulting from the use of the car- 
diac index in the extremes of body size is useful. 
An analysis of these errors in the case of the low- 
frequency ballistocardiograph is presented in Table 
VI. The errors are a little larger in the case of the 
small individual as compared to the large and they 
will not be over 7 per cent in the range of size 
usually encountered in the northern part of the 
United States. 

Comparisons between the four methods under 
consideration have been made by examining the 
figures at one extreme of surface area. For this 
purpose, the standard deviations of the four series 
of surface area measurements were averaged and 
multiplied by 2. This figure was 0.321 square 
meters of surface area. It was found that in per 
cent of the value predicted by the regression line 
at 0.321 square meter above the mean for each 
group, the error of the cardiac index line was 11.6 
per cent for the high-frequency ballistocardiograph, 
4.7 per cent for the low-frequency ballistocardio- 
graph, 4.7 per cent for the direct Fick and 0.9 per 
cent for the corrected acetylene method. 

While the error involved in predicting the car- 
diac output of an individual is small compared to 
the total variability observed in the cardiac output, 
the problem of comparing groups is quite different 
since small differences can be shown to be sig- 
nificant when large groups are involved. Ex- 
amples of the error arising when two groups 
whose cardiac output is normal but whose surface 
area is different are compared and presented in 
Table VII. It is apparent that if one were in- 
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terested in comparing a group of very large men 
with a group of very small men by means of the 
cardiac index, it would be possible to reach entirely 
unjustified conclusions. 


DISCUSSION 


The inference that the high-frequency ballisto- 
cardiograph is measuring something only indirectly 
related to the cardiac output, from the fact that it 
gives estimates of cardiac output which for all prac- 
tical purposes are unrelated to body size, has sup- 
port from other evidence. It has been known for 
some time that this method gives inaccurate esti- 
mates of the cardiac output in the presence of 
surgical shock (19). Unexplained discrepancies 
related to the pulse rate in alternative methods of 
calculating the cardiac output from records of the 
high-frequency ballistocardiograph have been noted 
(20). Finally Starr, Horwitz, Maycock and 
Krumbhaar (21) have recently proposed that the 
high-frequency ballistocardiograph be used to ob- 
tain a measure of cardiac strength, a function 
which is indirectly related to cardiac output. 

Kleiber (22) has pointed out that equations de- 
scribing physiological data which convey physio- 
logical meaning may have value even though in a 
given sample of the population a more complicated 
but less meaningful equation would give a better fit 
to the available data. The cardiac index appears 
to be a case in point. We have shown that three 
closely related methods in current use give car- 
diac outputs which are related to surface area in 
such a way that the use of the cardiac index adds 
only a small (less than 3.6 per cent) additional 
variance over that found by the more efficient 
least squares method. It should be remembered 
that even in the best situation the variability at- 
tributable to differences in surface area account for 
only 20 per cent of the total variability observed. 
The cardiac index is a physiologically meaningful 
standard which, although somewhat less efficient 
than the regression line, does not impose an un- 
acceptable penalty when used as a standard to 
predict the cardiac output of individuals. It is 
understood that when the cardiac index is used 
as a standard for individual predictions, it should 
always be accompanied by precise age specifications 
since the cardiac index varies with age. 

However, when large groups of individuals are 
to be compared, the data should be examined care- 
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fully for a possible statistical artifact whose mag- 
nitude will depend on the size of the difference in 
surface area between groups. The solution to 
this problem is considered to be beyond the scope 
of this paper and will be considered in detail else- 
where. 

It may also be noted that with the available 
Statistical tools, it is not possible to make prob- 
ability statements as to whether the cardiac index 
line is actually different from the regression line. 
The difficulty lies in the fact that we have no knowl- 
edge of the sampling differences between slopes of 
the two equations. If this distribution was avail- 
able, one could test the hypothesis that the differ- 
ence between the slopes of the two equations was 
equal to zero. Then the decision as to whether 
the cardiac index line is, in fact, a practical method 
of predicting the cardiac output could be made 
with confidence corresponding to the probability 
found. 

Many physiologists would insist that the cardiac 
index line must go through zero. If this is the case 
and the regression line and cardiac index line are 
not identical then the cardiac output surface area 
relationship is not linear but curvilinear. This is 
an important point since the validity of the above 
analysis is dependent on the assumption of a linear 
relationship between the two variables. Unfortu- 
nately this question cannot be completely resolved. 
One can only test for the presence of a curvilinear 
relationship. On applying the proper statistical 
test (23), it was found that a definite curvilinear 
relationship between surface area and cardiac out- 
put could not be demonstrated. 


SUMMARY AND CONCLUSIONS 


1. The relationship between surface area and 
cardiac output has been examined in a series of 
observations carried out with the high-frequency 
ballistocardiograph, the low-frequency, critically 
damped ballistocardiograph, the ethyl iodide 
method, the acetylene method, the corrected acety- 
lene method and the direct Fick (catheter) pro- 
cedure of estimating cardiac output. 

2. The high-frequency ballistocardiograph gives 
estimates of cardiac outputs which are not related 
to body size (surface area) and is an unsatisfactory 
method from this point of view. The same is true 
of the ethyl iodide procedure. The low-frequency, 
critically damped ballistocardiograph, the acetylene 
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method, the direct Fick (catheter) procedure and 
the corrected acetylene all distinguish between 
large and small individuals in a satisfactory manner. 

3. The relative efficiencies of the cardiac index 
and the regression lines as methods for the pre- 
diction of the cardiac output from body size (sur- 
face area) have been examined in data obtained 
with four methods for the determination of cardiac 
output which are in current use. 

4. When the cardiac index was used as a stand- 
ard for data obtained with the low-frequency, 
critically damped ballistocardiograph, the corrected 
acetylene and the direct Fick (catheter) procedure, 
it was found that the variance of the standard in- 
creased by only 3.6 per cent or less (less than 2 
per cent in terms of the root mean square) over 
that found when the regression line was used. 

5. The limitations of the use of the cardiac in- 
dex have been discussed. 
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SOME STRUCTURAL REQUIREMENTS FOR THE PREVENTION 
OF LEUKOPENIA INDUCED BY NITROGEN MUSTARD *? 


By AUSTIN S. WEISBERGER, ROBERT W. HEINLE, anp BENNETT LEVINE 


(From the Department of Medicine, Lakeside Hospital, and the School of Medicine, Western 


Administration of L-cysteine hydrochloride to 
animals prior to the injection of nitrogen mustard 
(HN,) modifies the severe leukopenia character- 
istically induced by HN, (1). However, if the 
L-cysteine hydrochloride is administered after 
HN,, even immediately, the leukopenia is not 
modified. It has not been demonstrated whether 
the effect of L-cysteine depends upon the presence 
of certain groups or groupings in the molecule 
or whether it is the result of non-specific chemical 
inactivation of HN,. Accordingly, the specificity 
as well as the mechanism of L-cysteine protection 
was investigated by correlating the chemical struc- 
ture of related compounds with their ability to pre- 
vent HN,-induced leukopenia. 


METHODS 


Several amino acids and sulfhydryl-containing com- 
pounds structurally closely related to cysteine, as well 
as compounds containing various combinations of func- 
tional sulfhydryl, amino and carboxyl groups were in- 
vestigated. Ascorbic acid was also tested because, like 
the other compounds, it is a strong reducing agent. 

In addition to L-cysteine, the compounds investigated 
were glutathione, p,L-homocysteine, D,L-methionine, L-ala- 
nine, D,L-serine, thioglycolic acid, dithiopropanol (BAL), 
thiomalic acid, thiourea, beta mercapto-ethylamine and 
ascorbic acid (Table I and Figures 1-4). 

Except for dithiopropanol (BAL), amounts molecu- 
larly equivalent to, or greater than the amounts of L-cy- 
steine which have been found to be effective in preventing 
HN,-induced leukopenia in rabbits were used (Table I). 
Larger amounts of BAL were not used because of their 
toxicity. Solutions of these substances were adjusted to 
pH 6.5 to 7.0 with sodium hydroxide and, with the ex- 
ception of BAL, were injected either intravenously or 
intraperitoneally. Dithiopropanol (10 per cent solution of 
BAL in oil) was administered by intramuscular or in- 
traperitoneal injection. 


1This study was made possible by a grant from the 
American Cancer Society, recommended by the Com- 
mittee on Growth of the National Research Council. 

2 Presented in part at the Central Society for Clinical 
Research, Chicago, November 2, 1951. 
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A freshly prepared saline solution of HN, [methyl bis 
(beta chlorethyl) amine hydrochloride %] containing 1 
mg. per ml. was used in each instance. A single intra- 
venous dose of 2.5 mg. of HN, per kg. of body weight uni- 
formly induces a maximal leukopenia in rabbits in four 
days. The ability of the compounds studied to affect the 
leukopenia was determined by studying the daily varia- 
tions in the total and differential leukocyte counts when 


TABLE I 
Prevention of leukopenia induced by nitrogen mustard 


Compound 
ies with administered prior 
gen mustard 
prior to injection to injection of 
nitrogen mustard 
Compound investigated 
Maximum 
No. of | fallin | No. of | fall in 
rabbits Vor ot rabbits Vor ct 
control) control) 
L-cysteine hydrochloride 
150--1,000 mg. per kg. 7 16.6 20 37.5 
Glutathione 
1,250-1,500 mg. per kg. $ 30.7 6 61.8 
D,L-homocysteine 
300-500 mg. per kg. 7 65.3 
D,L-methionine 
650-750 mg. per kg. s* 0 s* 87.0 
D,L-alanine 
500- 1,000 mg. per kg 5 0 12 80.8 
D,L-serine 
900-1,200 mg. per kg. 5* 23.0 s* 81.3 
Thiogiycolic acid 
400-500 mg. per kg. s 14.5 7 90:3 
Dithiopropanol (BAL) 4 
50 mg. per kg. 5* 26.6 8t 88.2 
Thiomalic acid 
600 mg. per kg. 3 0 4 79.2 
Thiourea 
400 mg. per kg. 3 36.6 5 78.7 
Beta mercapto-ethylamine 
200 mg. per kg. _ _ 2 77.7 
Ascorbic acid 
100 mg. per kg. 6 79.7 5 80.1 
Nitrogen mustard 
2.5 mg. per kg. $3 85.3 21 79.9 


* Administered intraperitoneally. 

¢ Administered intramuscularly. 

t Methyl bis (beta chlorethyl) amine hydrochloride in- 
cubated for 30 minutes at 37° C. 


these compounds were administered 10 to 15 minutes 
prior to the injection of HN,. 

The effect of direct chemical interaction with HN, was 
studied by incubating the compounds under investigation 
with HN, im vitro at 37° C. for 30 minutes in the same 


3 The nitrogen mustard and L-cysteine hydrochloride 
used in these experiments were furnished through the 
courtesy of Merck & Company, Rahway, New Jersey. 
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He C-SH 
H-C— NH, 
COOH 


CYSTEINE 


GLUTAMIC 
acio 


GLUTATHIONE 


Fic. 1. 


These compounds having vicinal sulfhydryl, amino and 
carboxyl groups are capable of modifying the leuko- 
penia induced by nitrogen mustard. Substitution or al- 
teration of either the free sulfhydryl, amino or carboxyl 
group results in the complete disappearance of any de- 
tectable protective effect against mustard-induced leuko- 


CYSTEINE ; GLYCINE 


penia. 


amounts as were used in vivo. The resultant mixtures 
were then injected into rabbits and the changes in leuko- 
cyte count were determined. These changes were com- 
pared with the effect obtained when the same amounts 
of these compounds were given parenterally 10 to 15 min- 
utes prior to the administration of the same amounts of 
HN,. 
RESULTS 


With the exception of ascorbic acid, injection 


of incubated mixtures of HN, and the various com- 
pounds caused very little leukopenia compared to 


COOH 
ALANINE 


He C-OH 

H-G—-NH, 
COOH 

SERINE 


Hr S-C Hy 

H-¢-NH, 


ME THIONINE 


ComprouNpbs CONTAINING A FREE AMINO AND 
Vicinat Carpoxyt Group 


Fic. 2. 


Although these compounds are structurally closely re- 
lated to cysteine, they lack a free sulfhydryl group and 
exert no protective effect against mustard-induced leuko- 


penia 


that which would have been produced by the same 
amount of HN, alone. The maximum decrease in 
the leukocyte count following the injection of a 
saline solution of HN, which had been incubated 
by itself for 30 minutes at 37° C. was 85.3 per cent 
of the control count. Administration of the same 
dose of HN, following incubation with equiva- 
lent amounts of L-cysteine, glutathione, p,L-methi- 
onine, D,L-alanine, D,L-serine, thioglycolic acid, 
BAL, thiomalic acid, and thiourea resulted in a 
decrease in the leukocyte count ranging from 0 to 
36.6 per cent of the control counts (Table I, Fig- 
ure 5). The differential leukocyte count did not 
change. There was no significant decrease in the 
degree of leukopenia induced by HN, following 


COOH 


H-0-SH 
COOH 
COOH 
THIOMALIC ACID 
He G-OH 
H-C-SH 
Hy-C-SH 


BAL 


THIOGLYCOLIC 
ACID 


Fic. 3. Compounps CONTAINING FREE SULFHYDRYL 
Groups 

Although some of these compounds contain a carboxyl 
group in addition to the sulfhydryl group, they do not 
contain an amino group. These compounds fail to pre- 
vent the mustard-induced leukopenia. The presence of 
two free sulfhydryl groups in BAL does not result in 
protection against the leukopenia induced by nitrogen 
mustard. 


its incubation with ascorbic acid. Chemical inter- 
action between HN, and most of the compounds 
studied did not occur at room temperature, but 
only after incubation at 37° C. for 30 minutes. 

In contrast to the results obtained after adminis- 
tration of the incubated mixtures were those ob- 
tained when equivalent amounts of the different 
compounds were injected prior to the HN,. Only 
L-cysteine and to a much lesser extent D,L-homo- 
cysteine and glutathione were capable of modify- 
ing the leukopenia (Table I, Figure 6). The 
average maximum fall in the leukocyte count in- 
duced by HN, was 79.9 per cent of the control 
counts. When L-cysteine was injected prior to 
HN,, the average maximum fall in the leukocyte 
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count was 37.5 per cent of the control counts. 
Injection of equivalent amounts of glutathione 
and D,L-homocysteine prior to HN, resulted in an 
average maximum fall in the leukocyte count of 
61.8 and 65.3 per cent of the control counts, re- 
spectively. 

Injection of equivalent amounts of the other 
compounds prior to the injection of HN, resulted 
in a maximum fall in the leukocyte count ranging 
from 78.7 to 90.3 per cent of the control counts, 
compared with the fall of 79.9 per cent with HN, 
alone. The most severe leukopenia occurred when 
either thioglycolic acid, BAL, or methionine was 
injected prior to HN, (Table 1). The maximum 
leukopenia invariably occurred on the fourth or 
fifth day following injection. 


H.-C-SH 
H-C-NH, 


BETA MERCAPTO 
ETHYLAMINE 


Fic. 4. Compounp CONTAINING A FREE SULFHYDRYL 
AND AmiINo Group witHouT A Group 
Although this compound has the same structural con- 

figuration as cysteine except for the absence of a carboxy! 

group, it does not prevent mustard-induced leukopenia. 


Injection of the compounds without subsequent 
administration of HN, did not cause a significant 
change in the leukocyte counts. 


DISCUSSION 


It is apparent that many highly reactive com- 
pounds with structures closely related to cysteine 
do not modify the leukopenia induced by HN,. 
The modification of mustard-induced leukopenia 
appears to depend upon the presence of certain 
specific groups in close apposition in the molecule. 
An analysis of some of the structural requirements 
reveals the following : 


1. The role of vicinal sulfhydryl, amino and 
carboxyl groups: A comparison of the structure 
of the compounds studied with the ability to pre- 


STRUCTURE AND THE PREVENTION OF HN,-INDUCED LEUKOPENIA 
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Fic. 5. Averace LeEuKocyTe Counts WHEN 
NITROGEN MustTarp 1s INCUBATED IN VITRO WITH 
ous Compounps Prior To INJECTION 

L-Cysteine, glutathione, methionine, alanine, serine, 
thioglycolic acid, BAL, thiomalic acid and thiourea inac- 
tivate mustard when allowed to react directly with HN, 
prior to administration. However, only L-cysteine, glu- 
tathione and p,L-homocysteine modify mustard-induced 
leukopenia when injected tn vivo. 


EFFECT OF VARIOUS COMPOUNDS 
ON THE LEUKOPENIA INDUCED BY 
NITROGEN MUSTARD 
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Fic. 6. Averace Leukocyte Counts OstaIneD WHEN 
NITROGEN MUSTARD IS INJECTED AFTER THE ADMINISTRA- 
TION OF Various Compounns 

L-Cysteine is the most effective in preventing leuko- 
penia (column 3). p,L-homocysteine and glutathione are 
not as effective (column 4). Methionine, alanine, serine, 
thiomalic acid, thioglycolic acid, BAL, thiourea and as- 
corbic acid are completely ineffective in modifying the 
mustard-induced leukopenia (column 5). 
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vent leukopenia reveals that only those compounds 
which have a sulfhydryl, amino and carboxyl 
group in close apposition were capable of pre- 
venting HWN,-induced leukopenia (Figure 1). 
Thus, L-cysteine, b,L-homocysteine and gluta- 
thione had a definite protective effect. L-Cys- 
teine, which has a carboxyl group, a free sulfhydryl 
group, and an amino group on adjacent carbon 
atoms, was by far the most effective. p,L-Homo- 
cysteine, in which the free sulfhydryl and free 
amino group are separated by one carbon atom, 
was much less effective than L-cysteine. It is pos- 
sible that one of the optical isomers of homocys- 
teine may not be effective in preventing leuko- 
penia and that the decreased protection was due 
to the presence of an inactive isomer in the D,L 
mixture of the amino acid. Methylation of the 
sulfhydryl group in p,L-homocysteine to form pD,L- 
methionine (Figure 2) resulted in the complete 
disappearance of any detectable protective effect. 

Glutathione is composed of one molecule of 
glutamic acid, one of cysteine, and one of glycine 
(Figure 1). The partial prevention of HN,-in- 
duced leukopenia by glutathione may be attributed 
to the presence of cysteine in the molecule. Al- 
though the amount of glutathione injected con- 
tained sufficient cysteine (as a constituent of glu- 
tathione) to furnish satisfactory protection, the 
prevention of leukopenia was much less than that 
obtained with equivalent amounts of L-cysteine. 
This may indicate that the conjugation of the 
amino or carboxyl group, or both, in cysteine to 
form glutathione resulted in decreased ability to 
protect against leukopenia, or that the release of 
cysteine from glutathione tn vivo was too slow to 


furnish optimum protection. 
2. The effect of compounds containing vicinal 
amino and carboxyl groups without an adjacent 


sulfhydryl group: The injection of compounds 
containing a free amino and vicinal carboxyl group 
without a sulfhydryl group resulted in the absence 
Thus, the replacement 
of the sulfhydryl group in cysteine with an hy- 
droxyl group to form serine or with hydrogen 
to form alanine (Figure 2) resulted in complete 
failure of protection. Thiourea (NH,-CS-NH,), 
containing two amino groups without vicinal car- 
boxyl or sulfhydryl groups, was likewise ineffec- 


of any protective effect. 


tive. 
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3. The role of free sulfhydryl groups: Com- 
pounds containing a free sulfhydryl group without 
an amino group in close proximity were ineffective 
also, even though one or two carboxyl groups were 
adjacent (thioglycolic and thiomalic acid, Figure 
3). The failure of BAL, which has two vicinal 
sulfhydryl groups, to manifest a protective effect 
is further evidence that the presence in itself of 
sulfhydryl groups is not sufficient to prevent 
leukopenia. 

4. The role of the carboxyl group: The pres- 
ence of a carboxyl group in addition to vicinal 
amino and sulfhydryl groups is essential for a 
protective effect. Thus beta mercaptoethylamine ‘ 
which has the same structural configuration as 
cysteine without a carboxyl group (Figure 4) does 
not modify HN,-induced leukopenia. This com- 
pound was very toxic, several animals dying within 
three to four hours following intravenous or in- 
traperitoneal administration. The cause of death 
in these animals is unknown. No irritation or 
adverse reaction was noted during the period of 
injection nor immediately after. 

Thus under the conditions of these experiments, 
neither the reducing potential of a compound, nor 
the presence by themselves of free carboxyl, sulfhy- 
dryl, or amino groups could be correlated with the 
ability of the compounds studied to prevent leuko- 
penia when injected prior to HN,. Those com- 
pounds exhibiting a protective effect uniformly 
have in common the presence of a closely ap- 
posed free sulfhydryl, amino and carboxyl group. 

The mechanism by which this specific struc- 
tural configuration results in modification of the 
HN,-induced leukopenia is not known. The lack 
of sparing effect of closely related compounds 
could conceivably indicate only that the affinity of 
these compounds for HN, in vivo is not as great 
as that of L-cysteine, p,L-homocysteine and gluta- 
thione ; even though they are able to combine with 
HN, in vitro. It is possible that the presence of 
vicinal sulfhydryl, amino and carboxyl groups per- 
mit intracellular penetration thereby enabling these 
compounds to inactivate HN,. However, L-cys- 
teine likewise modified the leukopenia induced by 
irradiation (2) where chemical inactivation of 


*The beta mercaptoethylamine used in these experi- 
ments was prepared and furnished through the courtesy 
of Dr. Sam Seifter, State University of New York, Col- 
lege of Medicine at New York City. 
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noxious substances is presumably not involved. 
It is possible, therefore, that L-cysteine protection 
of leukocytes against damage by HN,, as with 
irradiation, is not due solely to chemical inactiva- 
tion. 

Fruton and associates (3, 4) have shown that 
HN, combines in vitro with the functional groups 
of many proteins and important biologic substances. 
They suggested that HN, may produce its ef- 
fects by inactivating similar substances in vivo. 
It may then be postulated that HN,-induced leu- 
kopenia results from the inactivation or destruc- 
tion of some of these substance(s) by HN, which 
are essential for normal leukopoiesis, and that 
L-cysteine or related compounds exert a sparing 
or protective effect by virtue of competition with 
HN,. 

There is abundant evidence that sulfhydryl-con- 
taining compounds are involved in leukopoiesis. 
It is known, for example, that sulfhydryl com- 
pounds are concerned with cell division and 
growth, that the sulfhydryl content of immature 
cells is greater than that of mature cells and that 
the blood sulfhydryl content is low in hypoplastic 
states (5). Furthermore, irradiation and drugs 
that produce a granulocytopenia also produce a 
fall in the blood sulfhydryl level. A specific mo- 
lecular configuration involving sulfhydryl, amino 
and carboxyl groups may be involved in these phe- 
nomena. Thus L-cysteine and related compounds 
may have a role in leukocyte formation or in ab- 
normal leukopoiesis. Further investigation of the 
role of cysteine and cysteine analogues in leuko- 
cyte metabolism is in progress. 

The effect of p-cysteine as compared with L-cys- 
teine was not investigated because of the unavail- 
ability of p-cysteine. It has been shown (6), 
however, that L-cysteine can reverse cysteine de- 
ficiency produced in rats fed low cysteine diets 
containing bromobenzene, whereas pD-cysteine is 
ineffective. If p-cysteine were similarly ineffec- 
tive in preventing the leukopenia induced by HN,, 
it would be further evidence that the mechanism 
of the L-cysteine protection is other than that 
solely of chemical inactivation of HN, in vivo. 

The failure of HN, to produce leukopenia when 
injected after incubation im vitro with most of the 
compounds studied, indicates that the HN, was 
inactivated by this process. HN, undergoes rapid 
intramolecular rearrangement in aqueous solution 
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In this form it is 


to form an imine linkage (7). 
highly reactive and is capable of alkylating free 
sulfhydryl, amino and carboxyl groups (3). It 
is likely that alkylation of these groups in the 
compounds studied was permitted to take place 
during direct chemical interaction in vitro, thereby 
resulting in loss of potency of the HN,. While 
the reaction efficiency of these compounds was 
not determined, the protective effect of L-cysteine 
against leukopenia induced by irradiation indicates 
that factors such as blood level and solubility may 
not be involved in the failure of compounds with 
closely related structure to prevent leukopenia. 


SUMMARY AND CONCLUSIONS 


1. The specificity and mechanism of L-cysteine 
protection against HN,-induced leukopenia were 
investigated by studying the relationship of struc- 
ture to ability to prevent leukopenia. 

2. Of the compounds studied, only those with 
vicinal sulfhydryl, amino, and carboxyl groups 
were capable of modifying HN,-induced leuko- 
penia. t-Cysteine, which has a free sulfhydryl, 
amino and carboxyl group on adjacent carbon 
atoms was the most effective in preventing leuko- 
penia. D,L-Homocysteine and glutathione were 
less effective. 

3. Substitution or alteration of either the free 
sulfhydryl, amino or carboxyl group results in 
the complete disappearance of any detectable pro- 
tective effect against HN,-induced leukopenia. 

4. Under the conditions of this experiment, 
neither the reducing action of a compound, nor 
the presence by themselves of free sulfhydryl, 
amino or carboxyl groups can be correlated with 
the ability of the compounds studied to prevent 
leukopenia when injected prior to nitrogen mus- 
tard. 

5. The data indicate that the protective effect 
of L-cysteine and its homologues in vivo does not 
result solely from inactivation of HN,. It is more 
likely that L-cysteine protects some substance(s), 
essential for leukopoiesis, from destruction by 


HN,. 
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The serum and urinary proteins in the nephrotic 
syndrome have been studied by a number of in- 
vestigators and the divergence of results has given 
rise to conflicting interpretations concerning the 
pathogenesis of this disease. With but few ex- 
ceptions (1, 2), there appears to be general agree- 
ment that the urinary proteins are derived from 
the plasma. This was suggested by qualitative 
immunological tests by Mertens (3), Erben (4), 
and Miller (5), by optical rotation by Hewitt (6), 
by racemization by Cavett and Gibson (7), and 
by a variety of physical-chemical methods by Wid- 
dowson (8). 

On the other hand, comparisons between the 
serum proteins of these patients and the serum 
proteins of normal individuals have indicated 
marked differences. Goettsch and Reeves (9) 
studied the serum and urinary proteins in nephro- 
sis through the use of quantitative immuno-chemi- 
cal procedures, and concluded that the serum pro- 
teins in this disease differed immunologically from 
the normal; in their method, they compared pro- 
tein levels derived immunochemically with those 
derived by salt fractionation, the latter being used 
as the reference standard. Alving and Mirsky 
(10) found that the albumin fraction separated 
with ammonium sulfate had a lower cystine con- 
tent than did similar fractions of normal serum, 
but upon further purification, the resulting ne- 
phrotic serum albumin had the same cystine con- 
tent as normal serum albumin. Albanese, Davis, 
Smetak and Lein (11), using ammonium sulfate 
fractions, found an abnormal distribution of amino 
acids in the plasma proteins of nephrotic patients. 


1 Presented before the Society for Pediatric Research 
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With the introduction of the Tiselius apparatus, 
the Howe method for the separation of albumin 
and globulins in serum and urine was shown to be 
in serious error, particularly where the proportion 
of albumin was low (12). Longsworth and Mac- 
Innes (13) and Luetscher (12) showed that the 
albumin content was very low in nephrotic serum 
and that the pattern of the urinary proteins in the 
nephrotic syndrome resembled that of normal se- 
rum. These findings would serve to explain many 
of the abnormalities of the “albumins” obtained 
by salt fractionation of nephrotic serum. How- 
ever, Luetscher did observe that in nephrotic se- 
rum and urine the ratio of the two components of 
albumin separated by electrophoresis at pH 4.0 
was reversed from the “normal” and he postulated 
an abnormality in the metabolism of albumin in this 
syndrome. 

The present study is an attempt to compare by 
immunochemical characterization the albumins of 
the plasma, urine, ascitic and edema fluids of 
nephrotic patients with crystallized albumin ob- 
tained from the pooled plasma of normal humans 
(14, 15). 


MATERIALS AND METHODS 


Patients: Eleven children with the nephrotic syndrome 
were selected for study. The pertinent aspects of their 
disease are presented in Table I. Their ages ranged 
from 19 months to 5.3 years, and the duration of illness 
from the time of onset to the time of study was from 
two months to 24 months. Serum was obtained from each 
of the 11 patients, ascitic fluid from eight patients and 
an additional patient, D. D. R., urine from six and edema 
fluid from two. Serum was also obtained from a 12th 
child, R. S., who had chronic glomerulonephritis with 
hypertension and congestive failure with anasarca. 

Antisera: The antigen employed throughout this study 
was crystallized human serum albumin, preparation De- 
canol 10 (15), crystallized from fraction V_ obtained 
from the pooled plasma of normal adults by low-tempera- 
ture ethanol-water fractionation (14). One group of five 
rabbits was given three subcutaneous injections of crystal- 
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lized human serum albumin per week for four weeks, 15 
mg. per kilo body weight per injection, and then bled 
by cardiac puncture 10 days after the last injection. A 
second group of six rabbits was given an albumin-alu- 
minum hydroxide suspension subcutaneously, one injec- 
tion of 25 mg. albumin per kilo body weight every 12 
days for four injections, and these animals were bled by 
cardiac puncture 14 days after the last injection. The al- 
bumin-aluminum hydroxide suspension was prepared by 
dissolving 1.25 gm. crystallized human serum albumin 
in 5 ml. saline and then adding this solution to 45 ml. 
washed aluminum hydroxide gel. The gel was washed 
prior to the addition of the albumin by adding to it an 
equal volume of 0.15 M saline, allowing the gel to sedi- 
ment overnight, decanting and rewashing the precipitate 
with 0.15 M saline once again. The sera of the animals 
within each group were pooled and the sera stored at 
— 30° C. until use. 

The preparation of the horse antiserum vs. human se- 
rum albumin, used in this study, has been described (16) 
The crystallized human serum albumin employed as an 
antigen in the horse was the same preparation used for 
immunizing the rabbits. 

All of the antisera were found to be specific for human 
serum albumin and to contain no detectable precipitins 
for ‘Y-globulins, §-lipoprotein, or §:-metal combining 
globulin obtained from human plasma. In addition, after 
adsorption with crystallized human serum albumin, these 
antisera did not precipitate with any dilution of whole 
human serum, again demonstrating the probable ab- 
sence of precipitating antibody for any protein of human 
plasma other than albumin. 

Immunochemical analysis of body fluids: Each of the 
body fluids studied was appropriately diluted with 0.15 M 
sodium chloride solution, so that a series of antigen con- 
centrations was obtained that would cover all the zones of 
inhibition and precipitation when aliquots were reacted 
with the rabbit and horse antisera employed. Antigen- 
rabbit antiserum reaction mixtures were prepared by 
mixing 0.5 ml. of each of the serial dilutions of a given 
body fluid sample with 1.0 ml. aliquots of rabbit antise- 
rum. The mixtures were incubated at 37° C. for one 
hour, then 1° C. for 24 hours. The precipitate was 
washed twice with cold 0.15 M saline, employing centrifu- 
gation at 4,000 r.p.m. at 0° C. for 20 minutes to recover 
the precipitate. The amount of specific precipitate was 
measured by the spectrophotometric method (17). 

In using the horse antiserum system, 1.0 ml. aliquots 
of suitable dilutions of the given sample of body fluid 
to be studied were mixed with 1.0 ml. aliquots of horse 
antiserum, the mixtures incubated at 37° C. for one hour 
and then at 0° C. for three days. The precipitate was re- 
covered by centrifugation at 0° C. at 4,000 r.p.m. for 30 
minutes, washed twice with cold saline, and measured 
spectrophotometrically. 


The aluminum hydroxide gel employed was Creama- 
lin ®, a suspension prepared by Winthrop-Stearns Com- 


pany. 
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All antisera were clarified immediately before use by 
filtration through an asbestos filtering pad. Appropri- 
ate dilutions of crystallized human serum albumin in 0.15 
M saline were employed as standards for obtaining the 
standard antigen-antibody reaction curves. The final vol- 
ume of the reaction mixture and the amount of antiserum 
in the mixture were kept constant and the amount of 
antigen added to the system in a constant volume was 
varied. 

The antigen-antibody curves were constructed in the 
conventional manner. The amount of antigen added to a 
constant volume of antiserum was plotted along the 
abscissa and the amount of specific precipitate obtained 
from the antigen-antiserum mixture was plotted, as op- 
tical density, along the ordinate. Since there was no 
method available for the accurate® estimation of albu- 
min in body fluids where the proportion of albumin is 
low such as nephrotic serum, edema fluid and ascitic fluid, 
the absolute amount of antigen in these body fluids added 
to the antiserum, and hence the absolute units employed 
along the abscissa, could not be ascertained. Therefore, 
the amount of antigen in the nephrotic fluid studied was 
plotted on a relative scale along the abscissa, selecting 
as unity that amount of nephrotic fluid giving a specified 
quantity of specific precipitate, in terms of optical den- 
sity, with the rabbit antiserum. The specified optical 
density selected as the reference point was held con- 
stant for all curves including that obtained with crystal- 
lized normal serum albumin and thus all curves with a 
given rabbit antiserum were adjusted to the same scale. 
In all the figures presented the relative scale has been re- 
converted to mg. of albumin, since the absolute amounts 
of crystallized human serum albumin added to the reac- 
tion mixtures to obtain the standard curves were known. 

The assumptions inherent in such a procedure are first, 
that antigens giving superimposable precipitation curves 
with a given antiserum under the conditions of these ex- 
periments are immunologically identical, and second, that 
antigens giving precipitation curves which differ in shape 
from those of the standard must differ from it im- 


5 The error in estimation of albumin in these fluids 
would have to be less than about 5% (of the amount of 
albumin present) if any significance were to be at- 
tached to the immunochemical results. The only method 
approaching this accuracy at low albumin concentrations 
at this point in the investigation was electrophoresis; the 
statistical error in the interpretation of the electrophoretic 
diagram would be about 1% but at albumin levels of 
about 10%. This would mean a 10% error in the estima- 
tion of the amount of albumin present. The error due 
to interference by a and 8 globulins would also be signifi- 
cant (18). In addition, the absolute amount of total pro- 
tein present would have to be measured and any method 
adopted would be subject to serious error due to the high 
lipid content of all the sera studied and the abnormal ratio 
of the protein components (14, 19). This error coupled 
with the errors in interpretation of the electrophoretic pat- 
tern would make this procedure hazardous for absolute 
values at low albumin: total protein ratios. 
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TABLE 1 


Concentration§ of albumin in 
Age NPNt Blood Grosst Duration of 
Patient® (years) (mg. %) pressure hematuria 
(em. %) (em. %) 

2 11/12 20-47 106/64 0 15 0.60 0.023 
2 8/12 21-54 106/68 0 13 0.28 0.006 
C. Hi. 3 10/12 31-41 110/70 0 9 0.32 0.009 0.001 
K.P. 44/12 30-60 104/70 + 13 0.29 0.012 
M. FP. 45/12 26-49 110/70 0 24 0.42 
f F. 2 2/12 33-52 108/72 0 9 0.16 0.005 

N. G. § 4/12 36-65 100/60 0 11 0.09 0.005 
hc Ns 48/12 46-104 106/70 + 24 0.46 0.044 0.003 
R. 0. 31/12 30-37 114/76 0 2 0.27 0.006 
BP. 17/12 32-34 108/70 0 3 0.22 
D. D. R.|| 141/12 28-39 110/70 0 5 0.018 
J. K. 25/12 90/48 0 12 0.51 
R.S.4 711/12 116-155 150/112 0 18 1.57 


¢t Range — illness. 
Microscopic 


§ As determined immunochemically employing rabbit antiserum. 


fluids were not necessarily obtained simultaneously. 
re ascitic fluid was studied in D. D. R. 


munochemically, at least in part. These assumptions 
seem to be justified by immunological experience with 
other antigen-antibody systems. In the case of human 
serum albumins which have been markedly altered by 
conjugation with azodyes, we have shown (20) that these 
modified proteins will still precipitate with antisera 
against human serum albumin but with a different pre- 
cipitation curve from that obtained with the native 
protein. 

In those instances where the proportion of albumin 
was known to be as high as 85% to 95% of the proteins 
present, as in the urine protein samples, the percentage of 
albumin was determined electrophoretically; the total 
protein was calculated by dialyzing the fractionated uri- 
nary proteins against saline and then saline-buffer (phos- 
phate buffer, pH 7.3, '/2=0.05; NaCl, '/2=0.10) and 
determining the difference in the dry weights of aliquots 
of the fluid inside and outside the membrane. In the 
case of the urine samples, therefore, the figures along the 
abscissa represent the actual amount of albumin as calcu- 
lated for both the albumin standards and the urinary pro- 
teins. 

Preparation of materials for analysis: Since the protein 
content of edema fluid and ascitic fluid proved too low 
to permit adequate characterization, these fluids were 
concentrated 10 to 30-fold by placing them in long lengths 
of narrow dialyzing tubing and suspending the tubing 
at 1° C. for four to seven days. The concentrated fluids 
were then dialyzed against 0.15 M saline and finally, sev- 
eral changes of saline-buffer. 

To prevent denaturation of the albumin in urine by its 
interaction with other urinary constituents, the urinary 
proteins were rapidly separated from the urine by pre- 
cipitation with ethanol at low temperatures employing 


* All patients had anasarca and ascites at time of study. 


ematuria to some extent was observed in most patients at some time during their illness. 


Specimens of serum, and of ascitic and edema 


is a patient with chronic glomerulonephritis, hypertension and congestive heart failure. 


Method 10 (21) with slight modifications.6 The urinary 
albumin was extracted from the protein precipitate with 
19% ethanol at pH 5.8; after several precipitations and 
extractions, the albumin fraction was lyophilized. 

Normal human serum was rendered low in its propor- 
tion of albumin relative to the other serum proteins by 
precipitation and extraction with alcohol by Method 10 
(21), the reconstituted serum representing a solution of 
the initial precipitate of this technique. Albumin sepa- 
rated from the albumin-rich supernatant of this fractiona- 
tion procedure was found to be identical both immuno- 
chemically and physico-chemically with the crystallized 
albumin employed as an antigen in these studies, thus 
making it unlikely that specific albumin components 
rather than the major portion of the total albumin had 
been removed from these normal sera. Electrophoretic 
analyses of normal sera so prepared revealed low albumin: 
total protein ratios very similar to those of sera from 
nephrotic patients. Precipitation curves of rabbit and 
horse antisera were obtained with these low-albumin 
“normal” sera as controls for possible interference in 
the precipitation of albumin with either type of antibody 
by specific or non-specific interaction of albumin with 
other proteins in human serum. 


RESULTS 


The results are given in a series of figures which 
compare the experimental points obtained with 
various materials with the standard curve for 
crystallized normal human serum albumin. In 


6 With the collaboration of Dr. Lewis Barness. 
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Fic. 1. THe Precipitation CuRVES OBTAINED IN THE REACTION BE- 
TWEEN A GIVEN RasBiT ANTISERUM vs. NORMAL HuMAN SERUM ALBUMIN 
AND SEVERAL NEPHROTIC SERA 

In this figure and in all subsequent figures, the solid line represents the pre- 
cipitation curve obtained in the reaction between the antiserum and crystal- 
lized normal human serum albumin, and the symbols represent values for the 
specimen from a particular patient. 
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Fic. 2. Tue PRECIPITATION CURVES OBTAINED IN THE REACTION BE- 
TWEEN A GIVEN RABBIT ANTISERUM VS. NORMAL HUMAN SERUM ALBUMIN 
AND SEVERAL NEPHROTIC SERA 

In the case of J. F., a paracentesis was performed and the patient lost 
most of his edema fluid between the time of the first and last specimens 
studied. 


A J. F. 4/27/50 + W.G. 


F. 4/26/50 R.O. 
O J. F. 4/29/50 
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all these figures the solid line indicates the standard 
curve and the symbols represent the experimental 
points obtained and plotted as described above, 
each symbol representing material from a particu- 
lar patient. Estimated concentrations of albumin 
in various fluids obtained from different patients 
are reported in Table I. 


A. Characterization with Rabbit Antisera 


1. Albumins of serum. The precipitation curves 
obtained by reacting the rabbit antisera with ne- 
phrotic sera were indistinguishable over all zones 
of precipitation and inhibition from those obtained 
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Fic. 3. THE PRECIPITATION CURVES OBTAINED IN THE 


REACTION BETWEEN A GIVEN RABBIT ANTISERUM VS. 
NorMAL HuMAN SERUM ALBUMIN AND SEVERAL NE- 
PHROTIC SERA 

Included is the precipitation curve obtained with the 
serum of a patient with severe glomerulonephritis, R. S. 


A OR. 
aJ.S.M. B.P. 


when reacting the same antiserum with its homolo- 
gous antigen, crystallized human serum albumin, 
as shown in Figures 1 to 3. Serum samples were 
obtained from a single patient, J. F., over a period 
of several days during which a paracentesis was 
performed and was followed by drainage through 
the paracentesis wound, loss of all edema, and a 
rise in serum albumin from 0.16 gm.% to 0.28 
gm.% in three days. The albumins in the three 
sera from this patient were identical immuno- 
chemically, as illustrated in Figure 2. Patient R. 
S. had chronic glomerulonephritis, hypertension 
with congestive failure, and a substantially higher 
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Fic. 4. THE PRECIPITATION CURVES OBTAINED WITH 
A GIVEN RABBIT ANTISERUM AND SEVERAL ASCITIC FLUIDS, 
AN EpEMA FLuID AND A NoRMAL SERUM RENDERED Low 
IN ALBUMIN CONTENT 

Ascitic fluids: O D. D. R. 

e R.O. 
Edema fluid: A C.H: 
Low albumin, ‘“‘normal serum No. 1": X 


+ J.S.M. 
J.R. 


serum albumin level (1.57%) than those of the 
other patients, but the points determined for his 
serum albumin fell on the standard curve (see 
Figure 3). 

2. Albumins of ascitic fluid and subcutaneous 
edema fluid. The precipitation curves for these 
albumins are shown in Figure 4. They are identi- 
cal with the standard curve obtained with crystal- 
lized normal human serum albumin. 

3. Albumins of urine. The urinary albumin 
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NorMaAL HuMAN SERUM ALBUMIN AND Two SAMPLES OF 
Urinary ALBUMIN 
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Fic. 6. THe Precipitation CurVES OBTAINED IN THE 
REACTION BETWEEN Horsk ANTI-ALBUMIN AND THE Two 
SAMPLES OF URINARY ALBUMIN OF FIGURE 5 


curves were identical with those obtained with 
normal serum albumin when reacted with rabbit 
antisera, as shown in Figure 5. It should be noted 
that the amount of urinary albumin added to the 
antiserum was calculated from electrophoretic and 
dry weight data and the abscissae in this figure, 
therefore, represent absolute values. 


B. Characterization with Horse Antiserum 


The curves obtained with two nephrotic uri- 
nary albumins were identical with the standard 
curve using horse antiserum as shown in Figure 6. 
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Fic. 7. Tue Preciprration Curves OBTAINED IN THE 
REACTION BETWEEN Horse ANTI-ALBUMIN AND SEVERAL 
NEPHROTIC FLUIDS 

Sera: 
a j.S.M. 
Ascitic fluid: 
Low albumin, “‘normal serum No. 1"': dashed line. 


However, serum and ascitic fluid albumins in the 
human albumin-horse anti-albumin system gave 
slightly different curves from those obtained with 
crystallized normal serum albumin, as illustrated 
in Figure 7. It is important to note at this time 
that the albumin contents of these nephrotic fluids 
were estimated from the rabbit antiserum curves 
(17) and plotted as “absolute” values along the 
abscissa for the horse antiserum system. The 
horse serum curves for nephrotic serum and ascitic 
fluid albumins were identical, however, with those 
obtained by reacting the horse antiserum with low- 
albumin “normal” human serum as indicated in 
Figure 7. To keep the procedure uniform, the 
amount of albumin in the low-albumin “normal” 
serum used along the abscissa in Figure 7 was esti- 
mated by the rabbit antiserum method and the rab- 
bit curve for this serum is shown in Figure 4. 
DISCUSSION 

From the data presented, there does not appear 
to be any immunochemical abnormality of the cir- 
culating serum albumin or of the albumin found 
in the edema fluid, ascitic fluid or urine of these 
patients. The thesis, therefore, that albuminuria 
in the nephrotic syndrome represents the excretion 
(11) or retention (9) of abnormal circulating se- 
rum albumin is not substantiated by the data re- 
ported here. It would appear instead that the al- 
buminuria is related primarily to the pathological 
defect in the kidney. This is in accord with the 
finding that patients with the nephrotic syndrome 
retain only a small portion of intravenously in- 
jected albumin prepared from pooled normal 
plasma (22 

The low albumin levels we have found in the 
sera of patients with the nephrotic syndrome during 
the edematous phases of this disease agree well with 
those reported in the electrophoretic studies of 
Longsworth and MacInnes (13) and Luetscher 
(12). The higher serum albumin level found in 
the single patient with severe chronic glomerulo- 
nephritis is in accord with the findings of Hey- 
mann and Lund (23): in experimental nephrotic 
syndome in rats, they found marked hypoproteine- 
mia in the acute phase, but gradual improvement in 
this finding occurred as the disease progressed. 

The simultaneous precipitin studies with rabbit 
and horse antisera were interesting in that the 
horse system appeared to measure less albumin 
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in a given sample than did the rabbit serum. At 
least three explanations seem possible. It may be 
postulated that the horse and rabbit antisera react 
differently with different albumin components and, 
therefore, human serum albumin is immunochemi- 
cally heterogeneous. That crystallized normal hu- 
man serum albumin is physico-chemically hetero- 
geneous is beyond question (15). However, since 
crystallized normal serum albumin was used for 
the standard curves for both the rabbit and horse 
systems, one must also postulate that the ratio 
of immunochemical components in the crystallized 
normal serum albumin differed from the ratio of 
these components in both normal and nephrotic 
sera. An alternative hypothesis is that serum al- 
bumin im its native state interacts with other se- 
rum proteins sufficiently to interfere with its precip- 
itation by horse antiserum but not by rabbit anti- 
serum. Interaction among the serum proteins has 
been repeatedly demonstrated. That the rabbit and 
horse systems differ in their reactivity with human 
serum albumin has also been demonstrated (20). 
A third possibility is that the rabbit antisera in- 
teracted with another plasma protein in addition 
to albumin. However, precipitins for plasma pro- 
teins other than albumin could not be demonstrated 
in the antisera used. 

The albumin concentrations obtained with the 
horse antiserum system as estimated from the pre- 
cipitation curves were about 5% to 10% lower 
than those obtained with the rabbit system. When 
the albumin levels being measured are considered, 
it appears that the horse system is as reasonably 
accurate as electrophoresis for the estimation of 
serum albumin at low levels and hence substantiates 
earlier findings (16). 

It should be pointed out that the antisera used 
were all prepared against and standardized with a 
preparation of human serum albumin, obtained 
from the pooled plasma of several hundred nor- 
mal human adults, by precipitation from an alco- 
hol-water mixture at low temperature with con- 
trolled pH, ionic strength, and protein concentra- 
tion and subsequently by crystallization with a 
small amount of decanol and by two recrystalliza- 
tions. It might be argued that such an albumin 
preparation might not represent the total albumin 
of normal human plasma and that another albumin 
may have been present in normal plasma, in ne- 
phrotic plasma or in both which would not react 


with antibody prepared against such a crystallized 
albumin. Under such circumstances this albumin 
component could have escaped detection through- 
out these studies. Against this is the close agree- 
ment between values obtained for the albumin 
content of nephrotic sera and urine by immuno- 
chemical analysis and those obtained by the electro- 
phoretic method. Moreover, it is extremely un- 
likely that two proteins, derived from the same 
source and with identical physico-chemical prop- 
erties, would not cross-react at all when studied 
immunochemically (20). 


SUMMARY 


An immunochemical study was made of the serum 
albumin of 11 children with the nephrotic syndrome 
employing rabbit and horse antisera. The albu- 
mins of the ascitic fluid from eight of these patients 
and an additional patient, of the urine from six pa- 
tients and of the edema fluid from two patients 
were studied also. In all instances, the nephrotic 
albumin was immunochemically indistinguishable 
from crystallized normal human serum albumin. 
The average albumin level in the serum of the ne- 
phrotic patients studied, as determined immuno- 
chemically, was 0.3 gm.%, with levels ranging 
from 0.09 gm.% to about 0.6 gm.%. 

The serum albumin of a patient with severe 
chronic glomerulonephritis was also immuno- 
chemically indistinguishable from normal serum al- 
bumin. However, the serum albumin concentra- 
tion in this patient was 1.57 gm.%. 
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There is ample evidence that the liver helps the 
fasting animal to maintain the blood glucose con- 
centration at normal levels by secreting glucose 
into the hepatic vein. After removal of the liver 
from experimental animals, hypoglycemia develops 
rapidly (1). In animals the concentration of glu- 
cose in the hepatic vein is usually higher than in the 
portal vein or the arteries (2). The application 
of the technique of venous catheterization has 
made it possible to show that similar relationships 
usually are found in the normal, unanesthetized 
human subject (3, 4). 

It has usually been assumed that, under basal 
conditions, the secretion of glucose into the blood 
stream by the liver is a continuous process, and 
consequently, a fair estimate of the rate of release 
of glucose can be obtained by multiplying the dif- 
ference between the arterial and hepatic venous 
glucose concentrations (A-HV) by the estimated 
hepatic blood flow (EHBF). The observations 
set forth in this paper indicate that the rate of re- 
lease of glucose by the liver is highly variable, and 
that even the examination of a large number of 
A-HV pairs may fail to produce a reliable esti- 
mate of the rate of production of glucose by the 
liver. 

METHODS 


The subjects were 11 normal male volunteers con- 
valescent from various diseases (Tables III and V). 
Most of the subjects were sedated with 0.5 gm. sodium 
amytal intramuscularly 30 minutes before the procedure 
and were drowsy but responsive when the samples were 
obtained. The intravenous catheter was inserted into the 
right antecubital vein and guided under direct fluoroscopic 
control into a right hepatic vein. Its position was ad- 
justed until a free reflux of blood could be obtained 
(more than 10 ml. per minute). A Cournand needle was 
placed in the left brachial or femoral artery. In most 
subjects, a priming dose of 150 mg. bromsulfalein was 
immediately given intravenously, and following this a 
solution of bromsulfalein was infused intravenously, using 
an electric pump to deliver a constant quantity of the dye. 
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At the end of the experiment, a five-minute collection of 
dye from the pump was analyzed for bromsulfalein and 
the rate of infusion calculated from this figure. The rate 
of infusion was between 2 and 3 mg. per minute. 

A period of 30 minutes was permitted to elapse after 
the start of the bromsulfalein injection. During this 
time the patient was reassured that no further operative 
procedure was contemplated, and most patients went to 
sleep. 

After 30 minutes, the catheter was cleared of saline be- 
fore sampling by withdrawing 5 ml. of blood, which were 
discarded. Specimens were then drawn simultaneously 
from the arterial needle and hepatic venous catheter. 
Five ml. were preserved in fluoride-oxalate mixture, and 
analyzed for glucose. The copper tungstate filtrates (5) 
for glucose analysis were made within two hours after 
drawing the blood. The remainder of the blood was per- 
mitted to clot, and the serum analyzed for bromsulfalein. 
The procedure was repeated for additional samples at the 
time intervals indicated in the tables. 

In most patients, the hepatic blood flow was estimated 
by the method of Bradley, Ingelfinger, Bradley and Curry 
(6). Splanchnic glucose balances were estimated by 
multiplying A-HV by EHBF. 


GLUCOSE ANALYSIS 


The detection of significant differences between arterial 
and hepatic venous glucose concentrations is limited by 
the accuracy of the glucose method. The error of the 
method, in turn, is a composite of a number of different 
errors. In order to estimate the accuracy of the Nelson 
method (7) and to assign the possible sources of error 
their proper importance, a series of tests was done. 

It was found that the color developed by the addition 
of the arsenomolybdate solution at room temperature in- 
creases gradually to a plateau, which is not reached for 
120 minutes. The increment is small, representing only 
a 5% increase; but a variation of 5% may be greater than 
the value of A-HV. All samples were therefore permitted 
to stand for 120 minutes or more before they were read 
in a Coleman Jr. spectrophotometer at 650 mz. 

An attempt was made to discover whether variations in 
the technique of protein precipitation cause any significant 
error in the method. Six separate protein precipitations 
(5) were made from a single, well-mixed sample of 
blood. In three, Ostwald pipettes were permitted to drain 
for 30 seconds after they had completely discharged their 
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TABLE I 


Analysis of variance of the Nelson glucose method 
Quadruplicate determinations in multiple protein-free 
filtrates prepared from the same blood specimen. 


Filtrate No. 1 3 5 o* 


62.0 
61.8 
61.5 
62.0 


61.2 
61.5 
62.0 
62.0 


61.9 
61.2 
61.0 
61.3 


61.9 
62.1 
61.8 
61.1 


62.0 
61.5 
62.0 
61.4 


mg./100 ml. 


61.7 | 61.4 | 61.8 | 61.7 
| 


Mean 61.7 


_*1 mi. Ostwald pipettes drained completely and then 
rinsed out. 


Group variance = 0.1620 
Individual variance = 0.2038 
F = 0.7948 
Variance within filtrates is greater (p < .01) than between 
filtrates. 


contents of blood, and then were blown out once. In 
three others, the blood was permitted to drain into dis- 
tilled water in a centrifuge tube, and the pipettes were 
then rinsed out thrice with the distilled water. Copper 
sulfate and sodium tungstate were added from volumetric 
pipettes, and the distilled water was measured with a 
calibrated burette. The results, shown in Table I, were 
submitted to an analysis of variance (8), which shows 
that there is greater variation from one tube to another 
in the same filtrate than there is between various filtrates. 
It made no difference whether the pipette was blown out 
or rinsed out. Consequently, the pipettes were rinsed out 
routinely, since this proved to be more rapid. All pipettes 
were calibrated by weighing the quantity of distilled water 
discharged under standard conditions. The maximum 
variation among pipettes was less than 1%. 

The analysis of variance proved that no advantage was 
gained by making multiple protein-free filtrates from the 
same sample. It was necessary, however, to estimate the 
number of replicates from each protein-free filtrate which 
had to be analyzed in order to afford the degree of ac- 
curacy desired. Table II shows the relationship between 
the number of replicates and the minimum difference de- 
tectable between two samples, with a p= .02. On the basis 
of these data, quadruplicate analyses were performed on 


TABLE II 


Effect of varying the number of replicates on the minimum 
detectable difference between two samples of 
glucose (Nelson method) 
Based on data in Table I. Mean glucose concentration 
= 61.7 mg./100 ml. 


Standard | Difference 
error of the for 

difference p = 02 
(mg./100 mi.) | (mg./100 ml.) 


Difference: 


No. of 
% of mean 


replicates 


Degrees of 
freedom 


0.44 
0.36 
0.31 
0.28 


all protein-free filtrates. This made it possible to detect 
a difference of 1.6 mg./100 ml. between samples in the 
range of 100 mg. glucose/100 ml., with a probability of 
2%. 

RESULTS 

A-HV pairs were drawn at 10-minute intervals 
in four subjects (Table III). During this time, 
considerable variation occurred in both arterial 
and hepatic venous glucose concentrations. In 
three of the four subjects, the hepatic venous blood 
contained less glucose than the arterial on at least 
one occasion. In these subjects, the variations in 
A-HV difference and in splanchnic balance were 
so great that the mean values were not significantly 
different from zero. In two instances the mean 
values for A-HV indicated a net retention of glu- 
cose by the liver, although this apparent retention 
was not significant when analyzed statistically. 

Further insight into the rate of change of A-HV 
was sought by obtaining specimens at two-minute 
intervals in three of the subjects who had also been 
studied at 10-minute intervals (Table IV). The 
variations of A~HV were even more erratic when 
examined at this short time interval than when ob- 
served at 10-minute periods. The mean value for 
A-HV was negative in each case, indicating that 
the liver was releasing glucose into the systemic 
circulation, but the variation was so great that the 
mean was not significantly different from zero in 
any case. 

These observations made it clear that the deter- 
mination of isolated sets of A-HV pairs gives an 
unreliable picture of the overall splanchnic glucose 
balance. An attempt was therefore made to esti- 
mate the mean A-HV difference by taking a con- 
tinuous five-minute sample. It was hoped that this 
would make possible a direct integration of the 
difference between the arterial and hepatic venous 
glucose concentration curves. 


The method of continuous sampling was as follows: 
The subject was given 2.5 ml. (25 mg.) heparin solution 
through the catheter immediately after the arterial needle 
had been placed. Since the object of the experiment was 
simply to follow A-HV differences, no estimation of 
hepatic blood flow was attempted. After 20 minutes, 
a length of plastic tubing approximately 10 cm. in length 
was attached to the Cournand needle and closed off with 
a pinchcock. A three-way stopcock was attached to the 
catheter and the I.V. saline drip which serves to keep 
the catheter clear was disconnected. Using a 10 ml. 
syringe, blood was continually aspirated from the catheter 
at a rate of 1 ml. every five seconds. At the end of 25 
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TABLE IV 
Arterio-hepatic venous glucose differences, measured at two-minute intervals 


0 Minutes 2 Minutes 4 Minutes 


Patient 


6 Minutes 8 Minutes 10 Minutes 


A | HV] A-HV HV 


77} 105 
101) 103 


126) 141 158) +26 


113}134) —21 {121 


HV | A-HV HV} A-HV}| A | HV 


110} 128 
110) 112 
120} 135 


—20 


* See footnote to Table IIT. 


seconds, the stopcock was turned and the blood ejected 
from the side-arm into a fluoride-oxalate bottle. The 
same syringe was then used to draw the next sample 
in the same manner. The arterial sample was collected 
by permitting the blood to run freely from the plastic 
tube, using the pinchcock only to permit the receptacle to 
be changed every 30 seconds. A total of 10 pairs of 
specimens, representing a total of five minutes of con- 
tinuous sampling, was obtained in each subject. 

The individual samples were analyzed for glucose; and 
in addition integrated samples, representing the entire 
five-minute period, were made by pooling 1 ml. aliquots 
from all of the arterial and all of the hepatic venous speci- 
mens. 


The results of the 30-second sampling are shown 
in Table V. The arterial glucose concentrations 


were subject to slight but statistically significant 


fluctuations. These variations, however, were 
small in comparison with the alterations in the 
glucose concentration in hepatic venous blood. In 
some instances, this variation still does not alter 
the consistently negative pattern of A-HV (J. B., 
J. L. T.); but in other cases periods of significant 
glucose retention were seen (V. H. 120” to 180”; 
J.C. 210” to 240"). The last columns of Table V 
compare the results of graphic integration of the 
A-HV difference, using a polar planimeter, with 
“chemical integration,” using the mixed samples. 
For reference, the mean + standard error of the 
A-HV difference are also shown. The graphic 
integration and the arithmetic mean of the A-HV 
values are in good agreement. The mixed sam- 
ples, however, do not agree well with the other 
two. The cause of this discrepancy is not im- 
mediately apparent. It probably represents the fact 
that the analytic error for the mixed sample is in- 
creased by the errors of pipetting the aliquots, 
mixing, etc. Moreover, errors in the 10 A-HV 
pairs would be expected, on the basis of probability 
theory, to be distributed around zero, and there- 
fore to tend to cancel out, whereas no such correc- 


tion occurs in the single set of chemical determina- 
tions performed on the mixed sample. It is quite 
clear therefore that chemical integration by mixing 
is much less accurate than the determination of 
multiple A-HV pairs. The same is doubtless 
true if a single pair of samples is drawn by 
constant sampling for five minutes. But even 
when multiple pairs are analyzed, the spon- 
taneous variation of the blood glucose concentra- 
tion is so great as to cast doubt on the significance 
of the estimation of splanchnic balances from 
these data. This is illustrated in the table where 
the 95% limits of confidence are listed for the four 
patients. This column gives for each patient the 
range within which the mean of the A-HV dif- 
ferences will fall 95% of the time if the experiment 
is performed repeatedly, assuming that the vari- 
ability of blood glucose concentration does not 
change. From this column it can be seen that 
even when 10 pairs of samples are taken, the mean 
value of A-HV cannot be defined with surety. 
When the values for A-HV are followed, it is 
apparent that three of the four subjects had short 
periods of greatly accelerated glucose output (J. C. 
30-60; V. H. 0-30, 60-90; J. L. T. 90-150). No 
cause for these sudden “spikes” of glucose release 
is apparent. In view of the well-known effects of 
emotion and stress on the blood glucose concen- 
tration (9), it seemed possible that these fluctua- 
tions might represent reactions to minor traumata 
not perceptible to the examiner—possibly even of 
an unconscious nature. To test this hypothesis, 
three subjects, two of whom had received no seda- 
tion, were subjected to a sudden, very loud noise, 
120 seconds after the sampling had started. The 
results of this experiment are shown in the lower 
part of Table V. In one subject (R. W.) a well- 
defined “spike” occurred 120 seconds after the 
noise; in the other two subjects no such response 
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occurred. It is noteworthy that C. D. had widely 
fluctuating A-HV values during the entire proce- 
dure, in spite of the fact that he did not appear 


anxious at any time. 


DISCUSSION 


This study has evaluated the variations in glu- 
cose production by the splanchnic system of hu- 
man beings under experimental circumstances 
which protect them, as far as possible, from dis- 
turbing influences. The subjects were fasting, 
resting in a quiet environment and (except in two 
special cases) sedated to the point of moderate 
drowsiness. All manipulations were performed 
under local anesthesia, and pain stimuli were prac- 
tically absent. Psychic stimulation arising from 
the strangeness of the environment, resentment at 
missing breakfast, etc., were undoubtedly present. 
It is impossible to evaluate the role which these fac- 
tors played in disturbing the experimental sub- 
jects, but there can be no doubt that emotional in- 
fluences may have been very important. It seems 
probable, however, that their effect was the least 
which could be achieved in this type of study. 

In spite of the favorable environment and rela- 
tive lack of overt stimulation, the observations re- 
ported above show clearly that rapid, unpredictable 
fluctuations occur in the splanchnic glucose bal- 
ance, and that these variations are so large as to 
interfere seriously with attempts to estimate the 
mean balance over any protracted period of time. 

The changes in splanchnic glucose balance are 
probably the results of at least three factors. The 
first and probably least important is experimental 
error. The data pertaining to the accuracy of the 
glucose determination indicate that only a very 
small portion of the variation could be a result of 
errors in this estimation. 

A second cause of variation is a result of changes 
in the splanchnic blood flow. The fluctuations in 
the hepatic blood flow as estimated by the methods 
available are considerable (coefficient of variation 
12.4% ) but since one cannot obtain true duplicate 
determinations, it is impossible to estimate how 
much of the variation is due to errors of analysis 
and how much to actual physiological alterations 
in the blood flow. In any case, variations of 
splanchnic balance of the order of 15 or 20% 
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may be accounted for by fluctuations of splanchnic 
blood flow. 

The studies of the A-HV difference, however, 
show that even this source of variation is relatively 
minor in comparison with the rapid changes in 
splanchnic A-HV glucose differences. It seems 
probable that most of the change observed in the 
value of A-HV is due to actual variations in the 
rate of production of glucose by the liver and in 
the rate of utilization of glucose by the gut. 

It has been shown that variations in the arterial 
glucose concentration can cause variations in the 
splanchnic glucose balance (3). In the present 
study, the arterial glucose concentration was not 
manipulated experimentally and remained fairly 
constant. In no case did it reach levels of definite 
hyper- or hypoglycemia. It seems unlikely there- 
fore that the rapid variations of A-HV glucose 
difference were a response to alterations of the ar- 
terial glucose concentration. 

Hinkle (9) has shown that rapid alterations in 
the venous glucose concentration can be produced 
by psychic stimulation. The importance of this 
factor was not investigated directly in the present 
study, except in three subjects who were startled 
suddenly by a loud noise. This type of stimulus is 
admittedly a naive one, since its psychological sig- 
nificance will vary from one subject to another. 
Moreover, the effect of such an extraneous stimu- 
lus might be simply to distract the subject from 
his more significant reveries. The advantage of 
the single stimulus, however, in making possible 
accurate timing of the response, more than out- 
weighed the psychiatric disadvantages in the pres- 
ent study. In one of these subjects, a “spike” of 
glucose output occurred after about the time in- 
terval which might have been expected if it resulted 
from the release of epinephrine. The other two 
subjects showed no such response. These observa- 
tions indicate, at best, that “startle” reactions 
might be able to produce fluctuations comparable 
to those seen spontaneously. There is no direct 
evidence, however, that this type of reaction is ac- 
tually involved in the production of the fluctuating 
A-HV difference. 

The variability of the splanchnic glucose bal- 
ance under rigidly controlled “basal” conditions 
raises grave doubts whether these observations 
have any relationship to the normal splanchnic glu- 


5 
| | 
is 
{ 
i 
4 
— 
i : 
i 


FLUCTUATION IN GLUCOSE CONTENT OF HEPATIC VENOUS BLOOD 


cose balance under the vicissitudes of daily life. 
The momentary fluctuations observed under these 
specially protected conditions are probably negli- 
gible in comparison with the variations induced by 
ordinary living. It is therefore questionable 
whether the estimations obtained by liver-catheteri- 
zation techniques have any validity as representa- 
tions of the daily 24-hour balances. Although 
these estimations have, in the past, been used as the 
basis for calculating the metabolic mixture and 
glucose utilization (3, 4), no confidence can be 
given to such calculations because (1) the esti- 
mates of A-HV have been based upon too few 
observations, and (2) even with many more ob- 
servations, the value for A-HV (and therefore 
for splanchnic balance) would have meaning only 
with regard to the moments during which the esti- 
mation was being made. 


SUMMARY AND CONCLUSIONS 


The arterio-hepatic venous glucose difference 
and hepatic blood flow have been estimated at in- 
tervals varying from 30 seconds to 10 minutes in 11 
normal male human subjects under basal condi- 
tions. There is a very great spontaneous (and 
probably physiological) variation in the splanchnic 
glucose balance. In view of this unpredictable 
fluctuation, it is doubtful that estimates of splanch- 
nic glucose balance are valid for any periods other 
than the actual time of sampling. Moreover, un- 
less constant sampling techniques are used, the 
estimate of the splanchnic balance is valid only 
for the instant during which blood was actually 
being withdrawn. 

In view of these findings, it seems unwise to use 
data obtained by the liver-catheter technique to 
estimate overall metabolic balances or rates of 
glucose utilization. 
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The agglutination of sensitized erythrocytes by 
antisera directed against the sensitizing substance 
was first applied to a study of tuberculous sera by 
Middlebrook and Dubos (1). Its dependability 
for diagnosis of the disease was immediately ex- 
plored by a number of investigators. Scott and 
Smith (2) reported remarkable specificity of the 
reaction using a special preparation of Old Tuber- 
culin concentrated to four times standard strength, 
as did Rothbard, Dooneief and Hite (3). The lat- 
ter authors state that the test is a valuable diagnos- 
tic tool, titers of 1:8 and over being indicative of 
tuberculous activity. Others (4-6), including 
Smith and Scott (4) in a second more extensive 
study, found less correlation between hemaggluti- 
nation titer and either the presence or the activity 
of the tuberculous process. The present report is 
a further attempt to evaluate the usefulness of the 
hemagglutination test in the detection of specific 
antibody for the tubercle bacillus or its fractions 
and to compare results with those obtained using 
collodion particles instead of sheep erythrocytes as 
carriers for antigens (7-9). 


METHODS 


Antigens. Sheep erythrocytes were sensitized with 
either Old Tuberculin, four times standard strength (2) ,? 
or with an aqueous extract of strain H37 Rv tubercle bacilli 
obtained by distilled water refluxing of dried, washed 
bacilli which had been grown on glycerol beef extract 
broth and briefly extracted with acetone. The main part 
of the bacillary debris in the aqueous extract was re- 
moved by centrifugation. The remaining opalescent solu- 
tion, which gave positive color reactions with both 


1 Published with the approval of the Chief Medical Di- 


rector, Veterans Administration. The statements and 
conclusions published by the authors are the result of 
their own study and do not necessarily reflect the opinion 
or policy of the Veterans Administration. 

2Lot No. 2725-12, kindly supplied by Dr. Piersma of 
the Lederle Laboratories. 


Molisch’s and Millon’s reagents, was used as the antigen. 
Antigen prepared in this manner was originally used in 
the complement fixation test for tuberculosis (10). O.T. 
in our hands was not satisfactory for sensitizing collodion 
particles since it caused non-specific agglutination of par- 
ticles; hence, only the aqueous extract was used in col- 
lodion particle agglutination tests. Polysaccharide from 
the Olson strain of tubercle bacillus 3 was found useful in 
the agglutination-inhibition reaction (1), but neither eryth- 
rocytes nor collodion particles treated with this polysac- 
charide in the concentrations used were agglutinated by 
human tuberculous sera. 

Sera. Blood serum was obtained from (a) tuberculous 
human patients and (b) non-tuberculous individuals. The 
non-tuberculous group consisted of 21 apparently healthy, 
supposedly normal adults plus seven children who had 
visited the out-patient department of The Childrens Mem- 
orial Hospital for various reasons. Mantoux reactions 
made two months or more prior to obtaining blood sam- 
ples were negative in 17 and positive in 11 of these indi- 
viduals. Tests were performed either within a few days 
of drawing the blood or else on sera which had been kept 
frozen. Sera were inactivated at 56° C. for 30 minutes 
immediately before use. Two-fold serial dilutions begin- 
ning with 1:4 were made in either phosphate buffered or 
unbuffered physiological saline for hemagglutination tests 
and in 1: 100 normal rabbit serum in 1.1% NaCl (11) for 
collodion particle agglutination tests. Controls consisted 
of sensitized carrier plus diluent, 1:4 dilution of serum 
plus unsensitized carrier, and unsensitized carrier plus 
diluent. Known agglutinating and non-agglutinating hu- 
man serum controls were set up each time tests were run. 

Hemagglutination test technique. Sheep erythrocytes 
were collected in modified Alsever’s solution (10) and 
washed three times with either physiological saline or 
buffered saline solution. Adsorption of aqueous extract 
was in the proportion of 0.1 ml. packed washed red cells 
to 2 ml. of isotonic antigen. In the case of four-times 
concentrated O.T., 1 volume of washed, packed sheep 
cells was adsorbed either with 48 volumes of 1:11 dilu- 
tion of antigen as described in the report of the Labora- 
tory Committee of the V.A. Central Office Streptomycin 
Committee (June 2, 1950), or with 60 volumes of 1:15 
O.T. as described by Scott and Smith (2). Two-fold 


3 Supplied through the kindness of Dr. W. J. Nungester, 
Department of Bacteriology, University of Michigan, 
Ann Arbor. 
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serial dilutions of sera previously absorbed with washed 
unsensitized sheep cells to remove heterophile antibody 
were set up in 0.4 ml. amounts to which an equal volume 
of sensitized cells was added. Sensitized cells were first 
used in 0.5% suspension, later changed to 0.2% to facili- 
tate reading of tests. Readings were made after two hours’ 
incubation in a 37° C. water bath followed by overnight 
incubation at room temperature. Tubes were read, after 
noting pattern formed by settling of the cells, following 
gentle resuspension and the amount of agglutination esti- 
mated. 

An analysis of hemagglutination test results indicated 
that in our hands it was not a satisfactory diagnostic test. 
The hemolytic modification (12) was then used with a 
number of sera to determine whether or not it would de- 
tect tuberculous antibody with greater specificity. 

Technique for the hemolytic modification of the hemag- 
glutination test. The hemolytic modification was per- 
formed as described by Middlebrook (12). An excess of 
complement which had been previously absorbed twice 
with unsensitized sheep erythrocytes at refrigerator tem- 
perature was added to each tube of the regular hemag- 
glutination test. Appropriate controls were included. 
Tests were read for resulting hemolysis after one hour's 
incubation in a 37° C. water bath. 

Collodion particle agglutination technique. Equal por- 
tions of antigen and concentrated collodion particles pre- 
pared by Cavelti’s method (11) were mixed and allowed to 
stand for 30 to 40 minutes at room temperature, with oc- 
casional shaking, and then stored overnight in the re- 
frigerator. Before use, they were diluted with 1: 100 
normal rabbit serum in 1.1% NaCl solution, centrifuged 
lightly (1,400 r.p.m.) in an International No. 2 SB cen- 
trifuge for five minutes; the supernate was then decanted 
and centrifuged similarly. Centrifuging in this manner 
was repeated until the supernate was clear (four to six 
times). Sediments were resuspended, pooled, and diluted 
to the density of a No. 2 McFarland standard with 1: 100 
normal rabbit serum in 1.1% NaCl. Normal rabbit serum 
in 11% NaCl was used following Cavelti’s suggestion 
that it helped eliminate non-specific agglutination of par- 
ticles by human sera (11). Equal portions of unsensitized 
particles and three-times distilled water (instead of anti- 
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gen) were similarly prepared for serum controls for non- 


TABLE I 
Hemagglutination and collodion particle agglutination titers of non-TB and TB sera compared 


239 


specific agglutination. 

Equal portions of sensitized collodion particles and se- 
rum dilutions were incubated at room temperature for one 
to two hours. Following centrifugation at low speed 
(1,400 r.p.m.) for three minutes, preliminary readings 
were made against a dark background, using a bright 
light source and a concave mirror for magnification. Final 
readings were made in a similar manner after tests had 
stood overnight in the refrigerator. 


RESULTS 


Hemagglutination and collodion particle aggluti- 
nation. Results are summarized in Table I. It 
will be noted that the percentage of high titers 
(1:8 and over [3] or 1: 16 and over [12]) in the 
tuberculous group was higher than in the non- 
tuberculous group by both methods and with both 
antigens. Differences between non-tuberculous 
and tuberculous sera were greater if 1: 16 were ac- 
cepted as the “significant” titer. The range of 
titers of tuberculous sera was one two-fold dilution 
higher than the range with non-tuberculous sera; 
although this difference was slight, it was con- 
sistent with both sensitizing substances and both 
carriers. Significant differences (1.e., at least a 
four-fold dilution) in average titers (modal and 
median) of tuberculous and non-tuberculous sera 
occurred with aqueous extract-sensitized erythro- 
cytes ; there was less difference in average titers of 
the two groups of sera using O.T.-sensitized red 
cells and aqueous extract-sensitized collodion par- 


ticles. The high percentage of non-tuberculous 


sera which agglutinated both types of sensitized 
carriers in dilutions of 1:16 and over (28% to 
39%), although lower than the percentage of tu- 
berculous sera (54% to 74%), appeared to pre- 


Hemagglutination 
Ag:* Aqueous extract 


Collodion particles 
Ag:* Aqueous extract 


Hemagglutination 
Ag:* O. T. 


Non-TBt sera Non-TBt sera Non-TBt sera 
No. of individuals 28 43 21 46 28 43 
Median titer reciprocal 4 32 8 16 8 16 
Modal titer reciprocal 4 32 0 or 8 16 8 16 
Range of titers 0 to 64 0 to 128 0 to 32 0 to 64 0 to 64 0 to 128 
Titers 1:8 and over 15 or 53% 35 or 81% 12 or 57% 34 or 73% 18 or 64% 34 or 79% 
Titers 1:16 and over 11 or 39% 32 or 74% 6 or 28% 25 or 54% 10 or 35% 28 or 65% 


* Ag: = Antigen 


t Non-TB = 17 Mantoux neg. and 11 Mantoux pos. (see Table I). 
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TABLE II 
Non-TB sera: Hemagglutination titers of Mantoux negative and Mantoux positive individuals compared 


Hemagglutination 
Ag:* Aqueous extract 


Collodion particles 


Hemagglutination 
Ag:* O.T. Ag:* Aqueous extract 


Mantoux neg.t Mantoux + 


Mantoux neg.t Mantoux + Mantoux neg.t Mantoux + 


17 
4 


No. of individuals 
Median titer reciprocal 
Modal titer reciprocal 
Range of titers 

Titers 1:8 and over 
Titers 1:16 and over 


4 
0 to 64 
8 or 47% 3% 
5 or 29.4% 6 or 54% 


10 
4to8 
4 


0 to 64 
5 or 50% 
4 or 40% 


11 10 18 
8 4 8 


8 0 
0 to 32 0 to 32 
8 or 72% 4 or 40% 
4 or 36% 2 or 20% 


8 
0 to 32 
13 or 72% 
6 or 33% 


* Ag: = Antigen. 
t Negative to at least second strength PPD. 


clude the use of tests as employed in this work for 
diagnostic purposes. 

Even though correlation of antibody titer and 
skin reactivity to tuberculin have not previously 
been observed, it is conceivable that serum of indi- 
viduals having positive tuberculin skin tests might, 
as a result of previous infection, contain specific 
circulating antibody. Lack of correlation between 
skin reactivity to tuberculin and agglutinating titer, 
however, is evident in Table IT, in which the non- 
tuberculous sera were separated into two groups: 
those from positive and those from negative reac- 
tors (tested with at least 0.005 mg. PPD). Only 
with aqueous extract-sensitized erythrocytes was 
the percentage of “significant” titers (1:16 and 
over) (12) somewhat lower in the Mantoux nega- 
tive than the Mantoux positive group. The lowest 
per cent of titers of 1:16 and over occurred with 
O.T.-adsorbed erythrocytes (Mantoux positive 
group) ; however, it will be noted in Table I that 
the lowest percentage of high-titered tuberculous 
sera also occurred with O.T.-sensitized erythro- 
cytes. There is little difference in average titers 
or range of titers between the two groups of non- 
tuberculous sera. 

Further evidence of failure of correlation of skin 
reactivity to tuberculin and titer of sensitized par- 
ticle agglutination was obtained in the following 
manner. Repeated intracutaneous tuberculin tests 
were made on five normal, supposedly healthy in- 
dividuals of the tuberculin negative group after 
drawing blood for agglutination tests. Successive 
injections of 1: 10,000, 1: 1000, 1: 100 and 1: 10 
O.T. were made; as soon as tests with one dilu- 
tion were read as negative, the next strongest con- 


centration of O.T. was injected.* None of the five 
reacted to 10 mg. O.T. Sera taken before tubercu- 
lin tests had the following titers: with O.T.-sensi- 
tized red cells, 0, 1:4, 1:8, 1:8, and 1:16; with 
aqueous extract-sensitized red cells, 0, 1:4, 1:8, 
1: 16 and 1: 32; sensitized collodion particles were 
agglutinated by dilutions of 1:4, 1:8, 1:16 and 
1: 32 of these five sera. 

Blood serum was again obtained from these five 
individuals within four to seven days after the 
last tuberculin injection to determine whether or 
not repeated injections of tuberculin (four injec- 
tions in two weeks’ time ) had resulted in increased 
titers. Dilutions of serum which agglutinated both 
O.T.-adsorbed erythrocytes and aqueous extract- 
adsorbed collodion particles were the same for 
each individual as before the repeated injections 
of tuberculin. 

Inasmuch as negative skin reactions in children 
constitute more conclusive evidence than in adults 
of the absence of tuberculous processes, blood se- 
rum was obtained from eight patients under 12 
years of age from The Childrens Memorial Hos- 
pital. Mantoux tests of seven were negative. Se- 
rum from one of the seven agglutinated aqueous 
extract-adsorbed erythrocytes in a dilution of 1: 32. 
Two sera agglutinated sensitized collodion par- 
ticles in dilutions of 1: 16. Unfortunately the con- 
centrated O.T. was not available at that time. 

Titer and disease activity. Results with tubercu- 
lous sera were studied for possible correlation of 
titer with activity of the disease, graphically pre- 
sented in Figure 1. It is evident that most of the 


¢We are indebted to Dr. Jennings Fershing for the 
tuberculin injections. 
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sera from patients with moderate or severe symp- 
toms (3 or 4 activity) had high hemagglutination 
uters with both antigens and all of these sera ag- 
glutinated collodion particles in high dilution. 
Correlation of less disease activity with low titers 
is poor, however. Most sera from cases with little 
disease activity had low titers, but serum from one 
quiescent case agglutinated both bacillary extract- 
sensitized red cells and collodion particles in a 
dilution of 1:32 and O.T.-sensitized red cells in a 
dilution of 1:8. 
agglutinated ©.T.-sensitized red cells in dilutions 


Sera from other quiescent cases 
as high as 1:32. Titers of sera from cases whose 
activity was classified as 1 (no symptoms but ac- 
tive) had titers ranging from O to 1:64 with bacil- 
lary extract-sensitized cells, from O to 1:32 with 
O.T.-sensitized cells and from 0 to 1: 32 using sen- 
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sitized collodion particles. Thus the range of titers 
of sera from active cases with no symptoms was 
wide. 

Collodion particles and red cells sensitized with 
the aqueous bacillary extract were not always ag- 
glutinated by the same dilution of the same serum. 
Ditferences in titer of two or more doubled dilu 
tions were noted with approximately 30 of sera 
tested. Bacillary extract-sensitized cells were in 
general agglutinated by higher dilutions of serum 
than were O.T.-sensitized cells. 

Hemolytic modification of the hemagglutination 
test. The apparent lack of specificity of the hemag- 
glutination reaction as herein employed led us to 
explore Middlebrook’s hemolytic modification of 
the test (12). Both tests were run simultaneously 
on identical blood samples using the same lot of 
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TABLE If 


Hemagglutination and hemolytic modification titers of 
non-tuberculous sera 


Lederle’s four-times concentrated O.T. 


Hemolytic 


modification Hemagglutination 


Non TB 1B Non- TB IB 


seta seta seta 


No. ot individuals 13 21 13 21 
Median titer reciprocal 0 128 8 16 
Modal titer reciprocal 0 256 16, 327 
Range of titers Oto a2 Oto 256 0 to 64 
liters 1° 8% and over 4 or 18 or 85.75% 19 or 90°; 
liters 1:16 and over | 3 or 18 or 85.70; 18 of 8S", 


8, 16, 32* 
Oto 32 

9 or 69% 
6 or 46°% 


* Three sera each 
+t Kight sera each 


cells sensitized with Lederle’s four-times concen- 
trated 
is evident that titers with the two types of tests do 
In the non-tuberculous group 


Results are presented in Table IIT. It 


hot correspond 
(both tuberculin positive and tuberculin negative 
individuals ), the distribution of hemagglutination 
liters is quite uniform in the range of Oto 1: 32, but 
distribution of the hemolytic titers tends to be 
weighted toward low values, which would indicate 
some miprovement in specificity. The percentage 
of non-tuberculous sera with “significantly” high 
titers by the hemolytic modification, however, was 
still too high for the test to be of diagnostic value. 


The percentage of “significant” hemagglutination 
both 
groups was of the same order as in the first group 


titers of non-tuberculous tuberculous 
(Table 1), although somewhat higher in this com- 
paratively short series of cases. Hemolytic titers 
ot sera from the tuberculous group were in general 
higher than those of the hemagglutination test. 
The tuberculous group was chosen to contain pa- 
tients with varving stages of disease activity. 
Symptoms of patients exhibiting high titers were 
as likely to be quiescent as severe; thus as with the 
hemagglutination test, no correlation was observed 
between the degree of activity of the disease and 


hemolytic titer 


DISCUSSION 


Middlebrook 
specificity of the hemagglutination reaction if the 


(13) repeated] speaks of the 
proper antigen is used for sensitizing red cells. In 
the hands of Scott and Snuth (2) and Rothbard, 
Dooneiet and Hite (3). Lederle’s four-times con 


In later work with a larger number of 


centrated appeared to constitute such an 
antigen 


sera, however, Smuth and Scott (4) modified their 
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views considerably, stating that the possibility of 
“biologically false positive or false negative re- 
actions” had not been eliminated. The latter au- 
thors also found that sera from some tuberculin 
negative individuals agglutinated ©.T.-sensitized 
sheep cells. They concluded after this study that 
the hemagglutination test does not determine the 
clinical activity of a tuberculous lesion. Results of 
the test as recorded in the present report: support 
their later view. 

Repeated intracutaneous injection of tubercu- 
lin in five Mantoux negative reactors failed to 
raise the agglutinating titer of sera for ().T-treated 
sheep red blood cells. Failure of correlation of 
skin reactivity to tuberculin and presence of ag- 
glutinins non-tuberculous individuals il- 
lustrated in Table I]. Correlation of skin response 
to tuberculin and serological titer of antibody has, 
of course, never been previously observed (14). 

Lack of correlation of results of hemagglutina- 
tion and collodion particle agglutination tests with 
approximately 30 of sera tested, using the same 
antigen for sensitizing particles as herein re- 
ported, indicates that the two carriers were ad- 
sorbing different) substances from the complex 
bacillary extract. Figure 1 suggests that the ma- 
terial adsorbed by collodion particles might have 
had greater specificity im detecting moderate or 
severe activity of the tuberculous process than did 
The 


surface of a collodion particle is chemically more 


material adsorbed on sheep erythrocytes. 


homogeneous than that of a red blood cell. It 
might therefore be expected that material adsorbed 
from a complex mixture would be more uniform 
in nature. However, high collodion particle ag- 
glutination titers of sera from quiescent cases and 
from cases with few symptoms, as well as with sera 
from healthy individuals, dampens enthusiasm for 
the test, at least with this antigen, for diagnostic 
purposes. Results with the hemolytic moditica- 
tion of the hemagglutination test perhaps indicate a 
trend toward greater specificity but fall far short of 
Middlebrook 


(12) has stressed the importance of a suitable anti- 


results desired in a diagnostic test. 


gen for specificity of the hemagglutination test and 
its hemolytic modification. [tt would appear that 
the antigens used in the work herein reported are 
not sufficiently specific for diagnostic purposes. 
Differences between hemagglutination and he- 


molytic titers of the same sera were also noted by 
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Middlebrook (12), 
failure of correlation, the possibility that the anti 


who discussed, as a reason for 


hodies involved in the two reactions were different 
in certain sera. Precise 30% hemolysis end-points 
were not employed for complement dosage in 
either Middlebrook’s work, as he points out, or in 
the present studies. It is possible that more rigor- 
ous control of the dose of complement and other 
variables might vield somewhat different and pos- 
sibly more satisfactory results. 

Lack of a suitable antigen may be mainly re 
sponsible for failure of these tests to differentiate 
between tuberculous and non-tuberculous sera 
Irregularities of titers with tuberculous sera could, 
for example, be explained by infection with differ- 
ent types of human tubercle bacilli containing 
different antigens, analogous to types of pneumo- 
Keogh, North and Warburton (15) have 
indicated the polysaccharide nature of antigens 
from organisms such as /7/. influenzae and certain 


COcct. 


other bacteria which sensitize red cells for agglu- 
tination with specific antisera. Furthermore, Mid- 
dlebrook’s first observation of the hemagglutination 
reaction with tuberculous sera was obtained with 
red cells sensitized with a polysaccharide fraction 
of the tubercle bacillus. 
hydrates conferring type specificity on tubercle 


Although specific carbo- 


bacilli have not vet been recovered, they may 
nevertheless exist. It is known that immunization 
of guinea pigs with one strain confers a degree of 
unmunity for other strains; this fact does not ar- 
gue against the possible occurrence of type specific 
carbohydrates. however, inasmuch as the immuniz- 
ing the 
unidentified, 


fraction of tubercle bacillus is likewise 

In spite of the questionable feasibility for diag- 
nosis of these reactions as presently employed. 
the iact that high titered sera (1:16 and over) were 
obtained from tuberculous individuals in’ signifi- 
cantly higher percentages than from non-tubercu- 
lous individuals should probably not be ignored. 
The natural inference is that the proper antigen 
has not been used. Two other possible explana- 
tions for irregularities present themselves. — In 
the first place, assuming that positive tests detect 
specific antibody, failure of these as well as other 
serological tests in the diagnosis of tuberculosis 
could be accounted for by either qualitative or 
quantitative peculiarities of antibody for the tu- 
bercle bacillus or by its irregular occurrence in a 
free state in the fluid portion of the blood. 
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It is also possible that, instead of measuring 
specific antibody for the tubercle bacillus, these 
tests reflect: rather a general non-specific host 
response to an irritant. Two abnormal constitu 
ents of serum, presumably results of tissue destruc 
tive processes, have already been demonstrated, 
that is, (@) the pneumococcus C-reactive protein 
found in sera from persons in the acute stages of 
a variety of diseases (16-20) and (/) a substance 
associated with the alpha, globulin of blood serum 
which appears to increase in tuberculosis, cancer 
and other diseases involving tissue destruction 
(21-23). MeCarty points out (17) that C-reac- 
tive protein may be only one of several new sub 
stances, unrecognized simply for lack of suitable 
reagents for testing for their presence, to appear 
in the blood in the course of pathological processes. 
Serological results herein reported might reflect 
the occurrence of such a substance in blood serum 
rather than specific uly. 


SUMMARY AND CONCLUSIONS 


Hemagglutination tests using sheep erythro 
evtes adsorbed with either four-times concentrated 
O.T. or an aqueous extract of tubercle bacilli, and 
collodion particle agglutination tests using the 
latter antigen, were performed on groups of non 
tuberculous and tuberculous sera. Using ©.T.- 
sensitized erythrocytes, titers of 1:16 and higher 
were obtained with 28 of 21 
sera and with 54% of 46 tuberculous sera. 


non-tuberculous 
Using 
aqueous extract-sensitized red cells, supposedly 
significant titers were obtained with 390 of 28 
non-tuberculous sera and 74 of 43 tuberculous 
sera and using aqueous extract-sensitized collodior 
particles, with 35% of the 28 non-tuberculous sera 
and 65% of the 43 tuberculous sera. There was 
no correlation between presence or absence of ag 
glutinins in non-tuberculous sera and skin-reac 
tivity to tuberculin. 

The hemolytic modification of the hemagglutina 
tion test also appeared to be unsatisfactory for 
diagnosis using four-times concentrated ©.T. as 
Twenty-three per cent of 13 non-tuber 
had 
titers considered significant by other observers. 

Moderate and severe symptoms of tuberculosis 


antigen. 


culous sera and &5.7% of tuberculous sera 


usually were correlated with high collodion par 
ticle agglutination test titers; the correlation of 
little or no disease activity with low titers was less 


= 
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consistent. Correlation of disease activity. with 
hemagglutination titers (either antigen) was even 
less constant than with collodion. particles. 
Repeated intracutaneous tests of five tuberculin 
negative supposedly healthy individuals with in- 
reasing concentrations of O.T. failed to raise either 
hemagglutination (QO.T.) or collodion particle ag- 
glutination (aqueous extract) titers. 
\gglutination of 


aqueous extract-sensitized 


erythrocytes and collodion particles by the same 


sera tailed to yield the same end point with ap- 
proximately 300 of the sera tested, indicating ad- 
this 

Hemagglu- 


sorption of different fractions of complex 
antigen by the two kinds of carriers. 
tination and hemolytic titers, using ©.T.-sensitized 
red cells also differed 

suffi- 


ciently specific with the antigens employed to. be 


In our hands, none of these tests was 


useful in the diagnosis of tubereulosis. The oc- 
currence of high titers in a far higher percentage 
non-tuberculous how- 


of tuberculous) than 


sera, 
ever, Is perhaps too significant to be ignored. 
Whether observed irregularities are due to the 
use of unsuitable antigens, or to peculiarities of 
antibody for the tubercle bacillus, or to non-specific 
constituents of serum as vet unidentified, remains 
to be determined, 
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Most people find foods unappealing and insipid without salt. 
Therefore, when salt restriction is indicated, the patient 

must be impressed with the importance of a salt-free diet and must 
adhere faithfully to a rigid regimen. “With the development 

of such preparations as Neocurtasal .. . the problem of palatability 
and a salty taste has been fairly well solved. . .”! 


Neocurtasal 


**... trustworthy nonsodium-containing salt substitute”? 


—lends the desired salty flavor to foodstuffs, and can be used 
in all salt-free and low sodium diets. 


Constituents: 


a 4 Neocurtasal looks and pours like table salt 
_ and may be used in the same manner. 


Potassium chloride, 
“ chloride, potassium Available in 2 oz. shakers and 8 oz. bottles. 


formate, calcium formate, 
magnesium citrate and starch. me 
Potassium content 36%; New Yor« 18, N.Y. Winosor, Onr. 
chldride 39.304. calcium 0.39%; 1. Merryman, M. P.: The Use of the Low Sodium Diet. 
* South Dakota Jour. Med., & Pharm., 2:57, Feb., 1949. 


magnesium 0.295. 2. Heller, E. M.: The Treatment of Essential Hypertension. 
Canad. Med. Assn. Jour., 61:293, Sept., 1949. 

re *Author unidentified. From Mencken, H. L.: A New Dictionory of Q 

Neocurtasal. trademork reg U.S & Conada New York, Alfred A. Knopf, 1942, p. 1057. : 
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HERE’S HOW TO SAVE 


TIME, MONEY & ENERGY! 


PHOTO-COPIER 


End drudgery of long-hand- Contoura-copy (1) parts of 
copying and proofreading @ large drawing without remov- 
notes. Contoura-copied man- ing from drawing board; (2 

small diagrams, signatures 
uscripts, bound abstracts and @ and sketches, or /3) full-page 
articles are letter-perfect, graphs, charts, prints, speci- 
need no checking. fications 


Make record copies of re- Contoura-copy excerpts, or 
search notes right from test- & entire pages up to 8!."'x 14", 
lab long- e from non-circulating books 

nd memos, sketches, pro- 
jected ratings and verified without vo 
readings e umes to photo copy company 


FOTRULY PORTABLE! Only four pounds, it fits 
easily in briefcase or desk drawer. Use it anywhere! 

COPIES ANYTHING written. printed or drawn 
up to whether ink, pencil or crayon . . 
even both sides! Lastingly clear copies only 
Te!) Contoura’s unique cushion reproduces tightly 
bound pages despite curved binding! 

NEEDS NO DARKROOM: make exposures under 
normal artificial light; develop prints, at leisure. in 
standard photo chemicals 

ELIMINATES DRUDGERY and inherent errors 
of longhand-copying, typing and proofreading! —Pro- 
fessional, business and industrial users everywhere 
say Contoura affords time and money savings they 
never thought possible 


Models as low as $39.00 
Write for Free Folder To-Day 


Pat. Pending 


F. G. LUDWIG Associates 


83 Pease Rd. Woodbridge, Conn. 


Effective 
JUNE 1, 1952 


DR. STANLEY E. BRADLEY 


will become the EprroR-IN-CHIEF 
of the 


JOURNAL OF 
CLINICAL INVESTIGATION 


EDITED FOR THE AMERICAN SOCIETY 
FOR CLINICAL INVESTIGATION 


On this date 


The EpiroRIAL AND BUSINESS 
OrrFices will move 


from 


JOURNAL OF CLINICAL INVESTIGATION 
CINCINNATI GENERAL HospiTAL 
CINCINNATI 29, OHIO 


to 


JOURNAL OF CLINICAL INVESTIGATION 
PRESBYTERIAN HOsPITAL 
620 168TH STREET 
New York 32, New YORK 
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Your choice of 


1-, 2-, or 4- channel 
systems — each with 
all the advantages 


that the famous name 


INTERCHANGEABILITY 
of Preamplifiers and 
Amplifiers permits 
recording of many 
different types 
of phenomena. 


(a of the recording channels 
in the three systems at the 
right may include either a 
Strain Gage or General Purpose 
Amplifier, or the latter in com 
bination (in 2-, and 4-channel 
systems) with either AC or DC 
Preamplifiers. For, any of the 
Amplifiers or Preamplifiers pro 
vided for in a system may be 
quickly removed from its place 
in the system and as quickly 
replaced with an alternate 
type. 


For descriptive litera- 
ture or information of 
any kind about this 
equipment, address 


“Sanborn Viso’’ denotes 


ViSO-CARDIETTE 


While designed primarily as a direct-writing clinical 
electrocardiograph that can quickly record a// accepted 
leads, this oldest member of the ‘‘Viso family" will also 
register many other phenomena, using suitable 
supplementary equipment. Its proven recording 
principles provide the basis for the design of the 1-, 2-, 
and 4-channel systems below. These instruments fea- 
ture standard “*Viso" advantages: immediately visible, 
permanent records traced by heated stylus (no ink) on 
plastic coated, continuous chart paper; recording in 
true rectangular coordinates; independent timing; 
and simplified control. The recording paper speed of 
Viso-Cardiette is 25 mm. sec. Paper width is 6 cm with 
a5 cm recording area 


VISO RECORDER (SINGLE CHANNEL) 


A simple and /Jower cost means of securing all the 
recording advantages of the Viso-Cardiette (described 
above), when electrocardiography is not a requirement, 
is offered in this assembly. The system comprises a 
single-channel recording unit, patterned closely after 
that of the Viso Cardiette, and assembled in one case 
with either a General Purpose or Strain Gage Amplifier 
which are interchangeable as described at the left. 


TWIN-VISO CARDIETTE (TWO-CHANNEL) 


The two channels of the Twin-Viso operate inde- 
pendently of each other, but register simultaneously 
on one Permapaper record. Or, one channel may be 
used alone, with 1-channel recording Permapaper. A 
standard, “‘built-in’’ feature of the Twin-Viso is a 
choice of ten paper speeds which may be selected at 
will by the operator thru a quick and simple inter- 
changing of sets of gears. These speeds are in pairs of 
5 and 0.5, 10 and 1, 25 and 2.5, 50 and 5, and 100 and 
10 mm_ sec. Either speed of any pair selectable at will 
by panel control. Standard ‘“Viso" recording ad- 
vantages (described above) are inherent in the Twin- 
Viso and the Poly Viso Cardiettes, and to them is 
added manuallytor remotely controlled code marking. 


POLY-VISO CARDIETTE (FOUR-CHANNEL) 


This multi-channel research recorder provides for one-, 
two-, three-, or four-channel registrations on one 
record, using Permapaper of appropriate widths. The 
Poly-Viso operates under the same principles as the 
Viso- and Twin-Viso Cardiettes described above and 
offers a “built-in” choice of eight paper speeds: 50, 25, 
10, 5. 2.5, 1.0, 0.5, and 0.25 mm sec., a// selectable by 
panel control. 


RECORDERS AND AMPLIFIERS 
ARE AVAILABLE SEPARATELY 
The Recorders, Amplifiers and Preamplifiers 
of which the above complete systems are 
comprised may be obtained separately, to 
be combined or integrated by the user with 
other equipment. 
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— All too often, treatment with penicillin G 


-encounte detours, and. sometimes total 
road-block because of allergic reactions. 

Upjohn esearch now deyeloped 
Cer-O-Cillin,* yhich ‘is substantially free 

from sidé effects i in most cases. Cer-O-Cillin 
‘is usually well tolerated even by penicillin = 
G-sensitive patients. 
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palatable 
penicillm therapy 
with 


concentrated convenience for infants 


Pen-Drops 


100,000 units Potassium Penicillin G per cc. 


highly concentrated oral penicillin liquid 
bottles of 10 cc. 


elixir-ease for children and adults 


Liquapen’ 


250,000 units Potassium Penicillin G per 
teaspoonful (5 cc.) 


effective dosage: 2 teaspoonfuls 
3 or 4 times daily—permits normal eating 
and sleeping schedules 


bottles of 50 cc. 


readily accepted by all patients—avoids the discomforts of parenteral therapy 


*Trademark 


Antibiotic Division CHAS. PFIZER & CO., INC., Brooklyn 6, N. Y. 


LANCASTER PRESS, INC., LANCASTER, PA. 


Fie 
| 
> 
@ 
\ 
4y 
/ 
Aa ; 
ME 


